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I.    SOME  EXPERIMENTS  ON  AMERICAN  OIL 

OF  TURPENTINE. 

By  J.  H.  I«ONG. 

As  is  well  known,  diflferent  kinds  of  turpentine  oil  differ  from 
each  other  in  marked  degree  in  their  action  on  polarized  light. 
While  the  French  oil  is  laevo-rotatory,  the  American  and  Russian 
oils  are  dextro-rotatory.  The  degree  of  rotation  is  not  constant, 
and  the  greatest  variations  seem  to  be  found  in  the  American  oil. 
The  explanations  offered  for  these  differences  have  not  been  wholly 
satisfactory,  and  a  few  years  ago  I  began  the  collection  of  speci- 
mens for  examination,  with  the  hope  of  throwing  further  light  on 
the  subject. 

While  the  polariscopic  tests  have  not  shown  all  that  I  looked 
for,  they  have  given  some  definite  results  of  value,  and  will  be 
explained  at  length  later.  In  collecting  samples  for  study,  the 
question  of  purity  frequently  presented  itself,  and  I  found  it  neces- 
sary to  look  over  the  various  tests  proposed.  In  this  way  several 
practical  points  were  brought  out,  which  I  believe  worth  putting 
on  record.  I  will  also  add  several  details  regarding  the  production 
of  turpentine,  as  some  of  the  statements  in  the  text-books  are  mis- 
leading on  this  point.  For  much  of  this  information  I  am  indebted 
to  Mr.  E.  B.  Martin,  of  lyouisville,  Ky.,  who  is  probably  the  best 
American  authority  on  the  practical  parts  of  the  subject. 

THE  DISTIJ.I.ATION  OP  TURPENTINE. 

By  far  the  largest  proportion  of  our  American  turpentine  is  ob- 
tained from  what  is  known  as  the  "long  leaf*'  yellow  pine  (JHnus 
Australis).  In  certain  localities  the  ** loblolly*'  or  ** old-field'* 
pine  (JP.  taedd)  is  abundant,  but  the  oil  obtained  from  it  is  but  a 
small  part  of  the  whole.  The  same  may  be  said  of  the  **  pitch  " 
pine  (JP,  rigida)  and  the  **swamp*'  pine  or  Cuban  pine  {P,CubensiS), 
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This  Cuban  pine,  called  also  ** slash  pine/'  is  said  to  produce  a 
good  yield  and  high  grade  of  turpentine,  but  the  trees  are  not 
abundant.  For  the  purpose  of  collecting  the  crude  turpentine  or 
**gum,"  pockets  or  **boxes,''  capable  of  holding  about  one-half 
gallon,  are  cut  in  the  tree  a  few  feet  from  the  ground.  A  large 
tree  may  have  three  or  four  of  these  boxes.  They  are  cut  during 
the  winter  months,  and  in  the  spring  and  early  summer  the  exuded 
oleo-resin  collects  in  them.  As  often  as  necessary,  the  contents  of 
the  boxes  are  dipped  out  and  taken  to  the  stills  in  barrels.  To 
facilitate  the  collection  of  the  "gum**  in  the  boxes,  grooves  called 
'* streaks'*  are  cut  in  the  tree  above  each  box.  The  exudation 
collects  in  these  streaks,  and  gradually  flows  down  into  the  boxes. 
The  boxes  cut  in  new  trees  are  called  *' virgin'*  boxes,  and  the 
**gum"  found  in  them,  which  is  white  and  of  the  consistence  of 
honey,  is  called  **  virgin  dip."  The  "gum"  collected  in  the  boxes 
in  the  following  years  is  called  second-year  dip,  third-year  dip,  and 
so  on.  As  the  gum  flows  down  the  streaks  to  the  boxes,  a  part 
of  it,  from  exposure  to  the  air  and  sun,  becomes  hard  and  adheres 
to  the  tree.  In  the  autumn  this  is  removed  by  a  hoe-like  tool 
furnished  with  a  long  handle,  and  is  called  first-year  or  virgin 
*  *  scrape,  * '  second-year  *  *  scrape, ' '  third-year  *  *  scrape,  *  *  and  so  on. 
After  four  or  five  years  the  quantity  of  dip  produced  is  too  small  for 
profitable  working,  and  the  tree  is  abandoned.  In  some  localities 
the  product  of  the  firesh  boxes  is  termed  virgin  dip,  as  before,  but 
that  collected  in  the  following  year  is  called  first-year  instead  of 
second-year  dip.  The  dip  of  the  virgin  boxes  yields  a  larger 
quantity  and  better  quality  of  turpentine  than  that  of  the  follow- 
ing years. 

The  process  of  distillation  is  very  simple,  and  is  carried  out  in 
copper  stills  holding  from  8  to  50  barrels  of  the  gum.  The  still 
most  commonly  used  holds  about  20  barrels.  At  one  time  it  was 
customary  to  distill  dry,  but  now  water  is  always  added,  so  that 
the  oil  may  pass  over  in  a  current  of  steam.  Several  ends  are  ac- 
complished by  this  improved  method  of  distillation.  The  tempera- 
ture can  be  more  readily  controlled,  and  decomposition  products 
(rosin  spirits,  etc.)  are  largely  avoided.  The  vapor  leaving  the 
still  is  condensed  in  a  worm,  surrounded  by  cold  water,  and  flows 
into  a  receiving  tank,  where  the  oil  soon  collects  on  the  surface, 
and  is  drawn  off  fi-om  time  to  time.     It  is  usually  sent  into  com- 
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merce  without  further  purification,  although  it  holds  a  slight 
amount  of  water  in  solution. 

A  barrel  of  '*gum,**  as  taken  to  the  still,  weighs  about  280 
pounds  (127  kilos),  and  yields  firom  7  to  9  gallons  (26.5  to  34.1 
liters)  of  the  oil.  The  weight  of  rosin  left  in  the  still  is  about  four 
times  as  great  as  that  of  the  oil  obtained. 

The  American  production  of  turpentine  is  about  300,000  barrels 
per  annum,  of  which  over  one-half  is  exported,  chiefly  from  Sa- 
vannah and  Wilmington.  Small  shipments  are  made  from  Charles- 
ton, New  Orleans  and  Mobile. 

ADULTERATION  OP  TURPENTINE. 

Turpentine,  as  sold  in  quantity,  is  not  largely  adulterated  at  the 
present  time,  although  the  reverse  is  generally  supposed  to  be  the 
case.  That  sophistication  is  not  more  commonly  practiced,  is 
mainly  due  to  the  watchfulness  of  a  few  large  dealers,  who  expose 
a  fraud  as  soon  as  discovered.  Among  the  liquids  which  have 
been  mixed  with  oil  of  turpentine,  in  the  way  of  adulteration,  the 
light  ^troleum  products  hold  the  first  place.  These  may  be 
added  to  the  still  with  the  **gum,'*  as  is  done  in  the  case  of  a  cer- 
tain *'  patent'*  oil  made  in  small  amount  in  several  places,  or  they 
may  be  added  to  the  oil  in  the  tanks  or  barrels.  A  petty  form  of 
adulteration  is  sometimes  practiced  in  this  manner :  A  few  gallons 
of  oil  are  withdrawn  from  a  barrel  through  the  bunghole,  and  the 
loss  is  made  up  by  adding  benzine.  The  result  is  known  as  a 
** bunghole  mixture.** 

Another  adulterant,  but  one  rarely  met  with  in  this  country,  is 
rosin  spirit,  a  light  volatile  liquid  formed  in  the  dry  distillation  of 
rosin.  It  is  not  produced  in  the  United  States  in  quantity  suffi- 
cient to  give  it  importance  as  an  adulterant.  Cotton-seed  oil  has 
also  been  suggested  as  an  adulterant,  but  if  used  at  all»  it  must  be 
in  the  manufacture  of  cheap  paints  and  varnishes.  While  adul- 
teration on  the  large  scale  is  rare,  it  appears  to  be  more  common 
in  the  product  sold  by  small  retail  dealers.  The  various  sophisti- 
cations can  be  detected  by  the  following  tests,  which  I  have  con- 
firmed by  recent  experiments. 

I.  Specific  Gravity. — ^The  specific  gravity  of  pure  American  tur- 
pentine varies  within  narrow  limits,  according  to  Allen  {Com, 
Org,   Anal.    2,   437),   between    .864  and  .870.     My   own   tests' 
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on  thirteen  samples  distilled  from  fresh  gum  in  the  laboratory 
showed  results  varying  between  .8622  and  .8655,  water  at  15  de- 
grees being  taken  as  unity.  With  pure  commercial  samples,  I 
found  the  density  to  vary  in  a  large  number  of  cases  between  .8656 
and  .8748.  The  results  here  run  higher,  probably  because  of  the 
presence  of  oxidation  products  due  to  atmospheric  action. 

The  petroleum  products  which  could  be  used  in  practice  for  the 
sophistication  of  turpentine  have  all  a  density  much  lower  than 
this,  as  shown  by  the  following  table  containing  results  of  tests  of 
standard  American  grades.  The  specific  gravities  were  taken  at 
a  temperature  of  15  degrees  C,  and  refer  to  water  at  same  tem- 
perature as  unity. 

Gasoline,  88  degrees  B sp.gr.  .6508 


<i 


74 
Benzine,  63 

"Standard  White,"  no 

"Water  White,"        150 

"Head  Light,"  175 

Mineral  Seal 

Paraffine  Oil 


C( 


(< 


fire  test 


M 


(( 


7001 
7306 

7999 
7918 

7952 
829g 

8906 


A  mixture  of  95  volumes  of  a  turpentine,  having  a  density  of 
.8680,  with  5  volumes  of  each  one  of  these  oils,  gave  results  as 
follows : 

With  5  vols.  Gasoline,  88  deg^rees  B.,    sp.  gr.  .8568 


c       "                "                            74 

C<                  <(                         ( 

*    .8595 

*       "          Benzine,                      63 

(1            ti               I 

*    .8606 

"Standard  White."  I  TO 

"    fire  test    * 

'    .8637 

"Water  White,"      150 

<(        «(           ( 

*    .8632 

*       "           "Head  Light,"         175 

C(                 t(                       ( 

'    .8638 

'       "          Mineral  Seal, 

*    .8656 

*       "           Paraffine  Oil, 

«      .8688 

With  mixtures  like  the  above,  it  is  evident  that  5  per  cent,  of 
gasoline  88  degrees,  gasoline  74  degrees,  and  benzine  63  degrees, 
is  clearly  indicated  by  the  specific  gravity  test.  Using  the  same 
turpentine,- an  admixture  of  petroleum  products  similar  to  **  Stand- 
ard White,''  *' Water  White,"  and  ** Head  Light/'  could  be  de- 
tected if  present  to  the  extent  of  10  per  cent. 

With  a  heavy  grade  of  turpentine,  the  detection  would  be  doubt- 
ful. However,  an  adulteration  as  great  as  20  per  cent,  would  be 
indicated  even  with  a  turpentine  having  a  density  of  .875. 
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For  the  detection  of  ordinary  rosin  spirit,  the  specific  gravity 
determination  is  of  little  practical  value,  as  some  grades  of  the 
spirit  have  a  density  greater,  while  others  have  a  density  lower 
than  that  of  turpentine.  Rosin  oil,  however,  is  heavier  than  tur- 
pentine. 

Fatty  oils  added  to  turpentine  could  readily  be  detected  by  this 
test  because  of  their  relatively  high  specific  gravity. 

2.  Boiling  Point, — In  the  examination  of  a  large  number  of  pure 
commercial  samples  of  turpentine,  it  was  observed  that  the  boiling 
point  was  uniformly  at  155  to  156  degrees,  and  that  85  per  cent, 
of  the  sample  distilled  between  155  and  163  degrees.  The  distil- 
lation is  practically  complete  below  185  degrees.  From  this  it 
appears  that  a  determination  of  the  boiling  point  coupled  with  a 
fractional  distillation  may  be  of  the  highest  value  in  detecting 
adulteration  with  petroleum  products. 

The  initial  and  final  boiling  points  of  the  eight  mineral  oils  re- 
ferred to  above  were  as  follows  : 


Initial. 

Pinal. 

Gasoline,                      88 

degrees. 

About  40 

degrees. 

About  1 10  degrees. 

74 

"      55 

"      125 

Benzine,                        63 

"      95 

. "      165 

"Standard  White,"  no 

"    130 

Above  360 

"Water  White,"       150 

"    140 

About  310 

"Head  Light,"          175 

"    160 

"      315 

Mineral  Seal, 

"    230 

Above  360 

Paraffine  Oil, 

**    300 

*'      360 

By  the  initial  temperature  here  is  meant  not  the  point  at  which 
the  first  few  drops  passed  over,  but  the  temperature  reached  when 
about  I  cc.  of  100  taken  had  passed  over.  The  presence  of  5  per 
cent,  of  mineral  oils  with  turpentine  would  readily  be  shown  by 
the  tests,  as  was  found  by  experiment. 

3.  Flashing  Point, — Much  importance  is  attached  to  the  flash- 
ing point  test.  According  to  Redwood,  the  flashing  point  of  aver- 
age American  turpentine  is  33  degrees  C,  which  is  much  lowered 
by  the  presence  of  small  amounts  of  volatile  petroleum  products. 
In  the  apparatus  which  I  employ  for  such  tests,  a  form  similar  to 
that  suggested  by  Stoddard  {^Am,  Ckem.  Jour,  4,  287),  I  find  32 
degrees  C.  as  the  usual  flashing  point.  Experiments  were  made 
on  mixtures  containing  95  volumes  of  turpentine  with  5  volumes 
of  several  oils,  with  the  following  results  : 
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With  Gasoline,  88  degrees,  flashing  point  below  15  degrees  C. 


If  (t 


74 
**     Benzine,  65 

•*  "Standard  White,"  no 

"  "Water  White,"  150 

"  "Headlvig»,"  175 

"  Mineral  Seal, 


li  (<  <f  T^  H 


19 

*'  "      about  22        " 

(f  << 


It  f< 

fi  <i 


33 

33  " 

34  " 

35  " 


36.5 


Paraffine  Oil, 

These  figures  show  that  very  small  amounts  of  the  lighter  petro- 
leum products  have  a  marked  efiect,  while  5  per  cent,  of  the  com- 
mon burning  oils  would  escape  detection  by  this  test. 

4.  Vapor  Density, — ^The  vapor  density  of  turpentine  being  much 
higher  than  that  oF  the  light  petroleum  products  sometimes  used 
for  adulteration,  I  thought  it  desirable  to  test  the  value  of  this 
determination,  as  an  indication  of  purity.  The  Victor  and  Carl 
Meyer  method  by  measurement  of  displaced  air  {Berichie^  1878, 
p.  2253)  is  very  convenient  for  this  purpose,  and  in  my  experi- 
ments was  employed  with  ethyl  benzoate  as  heating  liquid.  In 
the  first  tests  a  sample  of  fresh  turpentine  was  distilled  fractionally, 
and  the  portion  distilling  at  155.5  ^^  ^S^-S  degrees  was  taken  for 
experiment.  Two  trials  gave  a  vapor  density  of  4.68  and  4.66, 
corresponding  to  molecular  weights  of  135. 11  and  134.53.  An- 
other sample  treated  in  the  same  way  gave  135,  as  the  molecular 
weight.  Ordinary  commercial  turpentine  not  fractionated  gives 
usually  somewhat  higher  values,  as  shown  by  the  following  table. 
About  150  mgms.  were  taken  for  each  trial. 

Vapor         Molecular 
No.  Density.         Weight. 

I 5-05  145-8 

2 4-73  136.6 

3 489  141. 2 

4 486  140.4 

5  ....  * 488  140.9 

6 5.11  147.7 

7 4.92  142.1 

8 4.87  140.8 

9 4.98  143-8 

10 4.88  140.9 

II 480  138.6 

12 5.08  146.7 

13 5.05  145.8 

14 489  141. 2 

15 4.80  138.6 
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It  will  be  remembered  that  in  the  fractional  distillation  of  loo 
cc.  of  these  turpentines,  about  85  cc.  is  obtained  between  155  and 
163  degrees  C,  while  in  some  cases  the  distillation  is  not  com- 
pleted below  180  to  185  degrees.  In  No.  13  the  temperature  of 
distillation  reached  190  degrees.  Both  tests  indicate  the  presence 
of  compounds  heavier  than  the  pure  terpene  Ci^Hj^. 

The  light  petroleum  products  known  as  88  degree  gasoline,  74 
degree  gasoline,  and  63  degree  benzine,  consist  essentially  of  hy- 
drocarbons having  a  molecular  weight  below  that  of  turpentine. 
The  63  degree  benzine  contains  chiefly  CgHjg  and  C,H^  (according 
to  Schaedler  and  Allen).  A  commercial  sample  tested  in  the 
laboratory  began  to  boil  at  about  80  degrees,  and  was  completely 
volatile  under  150  degrees.  Most  of  it  distilled  between  105  and 
130.  A  determination  of  the  vapor  density  gave  4.09,  correspond- 
ing to  a  molecular  weight  of  11 8.1.  A  second  sample,  distilling 
at  a  somewhat  lower  temperature,  gave  3.81  as  the  vapor  density, 
with  109.9  as  the  corresponding  molecular  weight.  An  experi- 
ment was  made  by  mixing  equal  volumes  of  turpentine,  No.  8,  of 
the  above  table,  and  the  benzine  sample  having  a  density  of  4.09. 
A  small  amount  was  weighed  out  for  the  test,  the  result  of  which 
gave  4.42  as  the  vapor  density,  with  127.5  as  the  corresponding 
molecular  weight.  This  is  a  little  lower  than  one  would  expect. 
A  small  addition  of  benzine  can  be  shown  by  proceeding  as  in  the 
following  experiments : 

A  sample  of  turpentine  was  fractionated,  and  the  portion  boiling 
at  156  degrees  saved.  This  gave  a  density  of  4.67.  A  mixture 
containing  97  cc.  of  this  turpentine  and  3  cc.  of  the  benzine  of  the 
last  experiment  was  made  and  distilled  fracdonally,  the  first  10  cc. 
being  saved.  This  was  used  for  a  vapor  density  determination, 
which  gave  as  the  result  4.56,  corresponding  to  13 1.6  molecular 
weight.  In  another  trial  90  cc.  of  the  same  turpentine,  and  10  cc. 
of  the  benzine  were  mixed  and  distilled,  10  cc.  being  saved.  4.34 
was  found  here  as  the  vapor  density  corresponding  to  a  mean  mo- 
lecular weight  of  125.3. 

By  taking  the  first  portion  of  the  distillate,  it  is  possible  in  such 
cases  to  show  readily  an  admixture  of  light  petroleum  products, 
but  the  method  naturally  fails  with  heavier  products.     A  certain 
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brand  of  commercial  turpentine  known  among  dealers  as  "  patent '' 
oil,  and  which  contains  a  kerosene  of  moderately  high  test,  was 
tried  in  the  same  manner.  The  vapor  density  of  the  whole  pro- 
duct was  found  to  be  5.49,  corresponding  to  a  molecular  weight 
of  158.5,  while  the  first  portion  of  a  distillate  gave  a  density 
scarcely  difiering  from  that  of  turpentine.  A  low  vapor  density 
would  be  found  in  a  distillate  containing  rosin  spirit. 

5.  DisHllation  with  Steam, — I  have  made  a  number  of  tests  in 
this  manner,  as  recommended  by  Armstrong,  and  obtained  results 
which  fully  confirm  his.  The  method  is  valuable  for  the  detec- 
tion of  vegetable  oils  or  heavier  petroleum  products. 

6.  Nitric  Acid  Oxidation, — ^Wm.  Burton  {Am,  Chem,  Jour,  12, 
102)  has  shown  that  a  fair  quantitative  measure  of  the  petroleum 
products  present  in  a  turpentine  may  be  made  by  treating  the 
sample  with  fuming  nitric  acid  in  the  cold.  By  slowly  dropping 
100  cc.  of  the  turpentine  into  about  300  cc.  of  the  fuming  add  in 
a  flask  immersed  in  cold  water,  the  turpentine  is  gradually  oxi- 
dized to  acid  compounds  soluble  in  hot  water,  while  the  petroleum 
is  left  practically  unattacked.  At  the  end  of  the  reaction,  it  is 
simply  necessary  to  wash  the  product  several  times  with  hot  water, 
to  dissolve  the  oxidation  compounds,  separate  with  a  funnel,  and 
measure  the  paraffine  residue.  This  is  probably  the  best  quanti- 
tative method  yet  proposed,  and  in  my  hands  has  given  fairly 
good  results. 

7.  Other  Tests, — Numerous  other  tests  have  been  given  for  the 
detection  of  adulteration  in  turpentine.  Some  of  them  are  valu- 
able, but  many  are  usless  and  often  misleading.  As  an  illustra- 
tion, I  will  describe  o^  which  is  published  in  the  widely  circulated 
Paint,  Oil  and  Drug  Review  of  Dec.  17,  1890,  as  **An  Absolute 
Test  for  Turpentine,'*  and  which  has  been  made  known  to  dealers 
and  producers  by  means  of  a  printed  circular. 

The  test  is  carried  out  by  adding  a  few  crystals  of  potassium 
iodide  to  the  turpentine  and  waiting  a  short  time.  If  the  crystals 
remain  white,  the  oil  is  to  be  considered  pure,  but  if  they  turn 
brown,  that  is,  if  iodine  is  liberated,  this  is  supposed  to  indicate 
adulteration  by  petroleum  products,  but  by  what  reaction  is  not 
explained.    Several  experiments  I  tried  gave  very  different  results. 
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The  following  is  probably  an  explanation  of  what  takes  place,  and 
will  show  the  fallacy  of  the  test.  With  perfectly  pure  potassium 
iodide,  fresh*  turpentine  which  has  not  been  exposed  to  the  air 
gives  practically  no  coloration,  while  with  older  samples  I  have 
observed  a  marked  color,  which,  is  undoubtedly  due  to  the  action 
of  hydrogen  peroxide  formed  in  the  turpentine  by  contact  with 
air.  This  can  be  readily  shown  by  experiment.  If  a  fresh  tur- 
pentine which  does  not  react  with  the  iodide  is  exposed  freely  to 
the  air  for  some  days,  or  even  shaken  in  a  partly  filled  bottle  a 
short  time,  a  reaction  will  appear  in  a  few  seconds  after  adding  the 
crystals.  Kingzett  {Jour,  Soc.  Chem,  Ind,  1886,  p.  7)  has  called 
attention  to  the  large  amount  of  hydrogen  peroxide  formed  by  the 
oxidation  of  Russian  turpentine.  The  yield  from  American  tur- 
pentine is  less,  but  still  important. 

Iodide  of  potassium  containing  iodate  would  give  a  reaction 
with  samples  of  turpentine  containing  petroleum  products  from 
which  the  sulphuric  acid  of  the  refining  operation  had  not  been 
thoroughly  removed.  Experiments  made  with  pure  iodide,  fresh 
turpentine  and  acid  free  petroleum  gave  no  reaction  whatever. 
The  test  is  therefore  without  value. 

A  study  of  the  optical  properties  of  turpentine  I  reserve  for  a 
communication  to  follow. 

Chicago,  Dec.  a8,  1891. 


PYRITES  AS  A  MATERIAL  FOR  THE  MANUFACTURE 

OF  SULPHURIC  ACID. 

BT  Wu.  H.  Adams,  M.E. 
{Continued  from  Vol.  K,  page  670.] 

It  will  now  be  in  order  to  take  up  the  descriptions  of  mines  in 
our  own  country,  beginning  on  the  northern  boundary. 

Newfoundland  is  generously  supplied  with  true  pyrites  ores,  both 
the  iron  and  the  copper  sulphides  being  found  in  abundance,  with 
well  marked  and  economically  placed  deposits  of  the  best  char- 
acter, which,  however,  must  always  be  handicapped  by  the  neces- 
sity for  mining  and  shipping  the  major  part  of  the  stocks  during  a 
short  summer  season.     These  ores  have  been  well  received  by  con- 
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sumers  in  the  United  States,  as  they  contain  on  the  average  about 
48  per  cent,  of  sulphur ;  are  free  burning,  and  the  cinders  from  the 
lump  ores  are  readily  saleable  to  iron  furnaces  in  the  neighborhood. 

The  mining  and  shipping  must  always  operate  to  the  disad- 
vantage of  these  ores,  and  were  it  not  for  the  ii:on  contents,  there 
could  be  no  profit  in  handling  them,  even  with  duties  removed,  as 
of  late. 

What  the  future  may  have  in  store  for  these  great  supplies  of 
commercially  valuable  products  must  be  a  question  entirely  in  the 
hands  of  centrally  located  mines  in  Europe  and  America,  which, 
with  copper  contents,  are  better  able  to  control  the  markets  of  the 
United  States — their  by-products  being  even  more  valuable  than 
from  the  Newfoundland  ores. 

In  Quebec  district,  Canada,  the  entire  supply  of  ores,  averaging 
about  34  per  cent,  sulphur,  is  taken  over  by  the  owners,  and  really 
makes  no  impression  on  the  trade  of  the  country  other  than  known 
for  the  past  ten  years.  The  limit  of  production  in  the  case  of  the 
Capelton  deposits  was  reached  sometime  since,  and  with  depth 
below  the  1500  foot  levels,  the  supply  must  decline  gradually.  It 
is  interesting  to  note  in  connection  with  the  growth  of  the  trade  in 
acids  from  these  ores  that  they  were  first  utilized  for  this  purpose 
by  General  Adams,  who  operated  the  mines  from  1864  to  1875. 
He  erected  the  first  chambers  to  work  the  copper  ores,  in  the  year 
1 868-*  69,  and  may  fairly  be  considered  the  pioneer  in  the  indus- 
try, inasmuch  as  no  other  chambers  were  used  continuously  for 
utilizing  ores  for  many  years  after  that  date.  These  mines  have 
supplied  to  the  trade  of  the  country  at  least  400,000  tons  of  com- 
mercial acids  up  to  date,  all  of  which  would  have  been  wasted  if 
the  ordinary  processes  of  copper  workings  had  been  carried  on,  i,  e, , 
wasting  the  sulphur  by  the  initial  roasting. 

This  represents  a  saving  to  this  country  of  at  least  $3,000,000, 
which  would  have  been  paid  to  foreign  countries  for  the  amount 
of  sulphur  thus  replaced  by  ores. 

The  Milan  mine  in  New  Hampshire,  on  the  line  of  the  Grand 
Trunk  Railway,  90  miles  from  Portland,  Me.,  was  opened  in  a 
practical  manner  in  the  year  i88i.  The  ores  of  this  district  re- 
semble some  of  the  Spanish  mine  ores,  and  are  said  to  be  in  the 
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same  geological  formation.  Several  lenticular  deposits  have  been 
opened,  with  an  average  width  of  8  feet,  and  maximum  width  of 
40  feet  (vuley  Mineral  Resources  0/  the  U,  S.,  1887). 

Many  features  of  great  interest  to  students  will  be  found  along 
this  belt — several  miles  in  length, — although  workings  have  been 
carried  on  at  but  one  location.  It  is  said  that  the  foot  wall  of  ar- 
gillaceous slates  is  at  all  times  well  defined,  but  that  nothing  like 
a  true  hanging  wall  was  discemable  for  many  years,  and  cannot 
be  said  to  be  well  defined  even  now.  ' 

Considerable  copper  ore  is  found  in  bands,  or  beds,  and  occa- 
sionally pockets  of  galena  (containing  over  100  ounces  of  silver 
per  ton)  are  found  closely  associated  with  the  copper ;  also  zinc 
blende  in  bands  of  unequal  length  and  depth.     The  method  of 
working  this  deposit  was  by  open  cut,  200  feet  long,  and  the  full 
width  of  the  paying  ores.     For  some  reason,  the  output  has  been 
limited  for  so  promising  a  development,  a  very  small  tonnage  hav- 
ing been  sold,  and  that  only  in  the  immediate  section  of  country 
tributary  to  the  mine — Boston,  Portland,  etc.    Copper  was  smelted 
fi"om  the  portion  of  the  ores  for  a  time,  but  as  the  sulphur  contents 
are  said  to  be  never  less  than  40  per  cent.,  it  would  seem  as  if  the 
methods  adopted  by  other  mines  of  similar  character  would  result 
in  greater  profits,  and  it  must  eventually  be  the  case  that  all  the 
ores  from  this  section  will  become  sufficiently  valuable  to  be  worked 
in  one  of  the  larger  cities,  and  worked  for  all  the  contained  metals. 
Average  cost  of  mining,  sorting,  and  all  cost  of  management,  is 
stated  to  be  about  $2  per  ton  of  ore  shipped,  and  at  these  figures 
there  must  surely  be  a  large  profit,  unless  there  be  some  unknown 
cause  for  lessened  values  in  products. 

To  the  southwest,  on  the  same  belt  of  pyritiferous-bearing  rocks, 
are  located  the  Vershire  group  of  mines,  at  West  Fairlee,  Vt. 
The  Ely,  Union  and  Corinth  are  best  known,  and  a  little  distance 
away  is  the  Elizabeth  mine,  near  South  Stafford,  Vt. 

The  former  mines  have  been  fully  described  many  times,  and  by 
expert  engineers,  during  the  past  forty  years,  as  occupying  the 
usual  position  in  talcose  schists  near  the  granites,  with  a  dip  of 
about  26  degrees  from  the  horizontal,  and  all  the  ores  so  far  dis- 
closed being  in  contracted  lenses,  say  200  feet  greatest  length,  and 
6  to  15  feet  wide — ^greatest  depth  1800  feet. 
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Copper  having  been  the  only  value,  the  sulphur  contents  being 
below  35  per  cent.,  these  mines  are  mentioned  here  as  examples 
of  large  mining  and  smelting,  extending  over  a  long  period  of  time, 
and  as  having  favorable  features  for  study,  although  no  work  of 
consequence  is  at  present  being  done  on  the  belt. 

The  Elizabeth  mine,  however,  almost  unknown  in  literature, 
has  developments  which  rank  with  the  larger  mines  further  south. 
We  find  here  the  usual  lenses,  principally  of  pyrrhotite,  and  com- 
parable to  those  of  Carroll  County,  Va.,  Ore  Knob,  N.  C,  and 
Ducktown,  Tenn.,  which  in  a  similar  manner  are  impregnated 
with  chalcop5nrite  in  suflficient  quantities  to  invite  and  inaugurate 
quite  an  extensive  industry  in  mining  and  smelting  for  copper. 
The  ore-body  as  disclosed  is  about  200  feet  long  and  25  to  65  feet 
wide.  No  great  depth  has  been  gained  as  yet,  the  surface  ores 
being  in  sufiicient  quantity  to  satisfy  workings  for  years  to  come. 

Thi^  deposit  is  mentioned  for  its  many  interesting  geological 
features.  None  of  the  ores  are  suitable  for  acid-making,  but  much 
of  it  is  claimed  to  be  exactly  suitable  for  *  *  Bessemerizing, "  and 
with  the  additional  knowledge  we  are  gaining  year  by  year,  there 
may  yet  be  a  grand  future  for  this  mine,  known  since  1776  as  the 
great  copperas  (iron  proto-sulphate)  producer. 

In  Rowe  County,  Mass.,  the  Davis  mine  has  been  opened  and 
favorably  known  to  the  trade  since  the  year  1881.  This  body  of 
ores  belongs  to  the  family  of  true  pyrites  (iron  bi-sulphide),  and 
promises  for  many  years  to  be  well  known  as  a  producer.  Develop- 
ments are  made  for  600  feet  in  length,  500  feet  in  depth,  and  from 
7  to  25  feet  wide — ^the  foot  wall  of  mica  schists  and  the  hanging 
wall  of  chloritic  slates. 

According  to  Government  reports,  the  cost  of  mining  is  $1.50 ; 
teaming  to  railway  station,  $1.00,  and  railway  freights  to  New 
York  or  Boston,  $2.00.  Analysis  has  already  been  given  in  the 
table. 

The  Anthony's  Nose  deposit  of  pyrrhotite  has  been  abandoned 
for  many  years  past,  and  never  was  worthy  of  being  opened  for 
sulphur  or  copper  contents  of  the  ores.  Further  down  the  belt 
are  found  the  zinciferous  ores  of  New  Jersey,  and  the  pyritiferous 
slates  of  Maryland,  both  belonging  to  the  main  belt  of  the  Alle- 
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ghanies,  but  not  necessary  to  be  elaborated  as  deposits  emphasiz- 
ing our  subject. 

We  next  come  to  the  Louisa  County,  Va.,  deposits,  geologically 
almost  identical  with  those  at  Milan  and  Davis  mines,  with  con- 
tact rocks,  quartzose  and  gneissic,  as  in  Spain.  Staurolites  and 
garnets  are  found  commonly  in  the  schists,  some  of  the  garnet 
matrixes  being  found  as  slabs  several  feet  square,  studded  with 
the  crystals,  from  pin-head  size  to  that  of  large  walnuts. 

My  intimate  connection  with  these  mines  since  they  were 
opened  in  the  year  1883  has  deepened  the  impression  as  to  origin 
of  the  mineral  matter  deposited  all  along  this  Eastern  belt.  In 
the  light  of  every  fact  disclosed  by  workings  to  a  depth  of  500 
feet,  and  of  examinations  of  other  deposits,  I  cannot  doubt  that 
they  are  bedded  veins,  their  origin  being  contemporaneous  with 
the  surrounding  stratas  of  varying  constituents. 

The  Louisa  County  deposits  are  about  five  miles  in  length  from 
north  to  south,  and  occupy  a  series  of  headlands  or  apexes  at  the 
extreme  west  side  of  the  main  dividing  ridge  of  mineral  bearing 
schists,  so  prominently  disclosed  at  this  particular  locality. 

All  of  the  known  deposits  have  been  exploited  during  the  past 
fifty  years  in  extraction  of  the  overlying  iron  ores  (limonite),  and 
the  underlying  masses  of  pyrites  seem  to  be  directly  proportioned 
to  existing  surfiice  excavations.  Thus  we  have  several  localities 
where  the  iron  pits  have  been  opened  to  a  width  of  60  feet  be- 
tween walls,  and  the  workings  for  p5nrites  below  the  iron  hat  for 
200  feet  or  more  has  shown  the  same  relative  width.* 

Iron  pits  are  commonly  met  with  from  the  line  of  the  Chesa- 
peake &  Ohio  Railway  to  the  Rappahannock  river,  and  it  has 
always  been  a  subject  of  argument  among  explorers  as  to  reasons 
for  the  existence  of  limonite  over  all  this  section,  underlaid,  how- 
ever, with  pyrite  only  in  this  and  one  other  section  of  the  State. 
The  schists  appear  to  be  the  same  as  found  elsewhere.  The  asso- 
ciated minerals,  with  their  matrixes,  admit  of  no  very  different 
classification,  yet  the  fact  remains  that  here  we  find  vast  beds  of 
iron  ores  contaminated  somewhat  with  undecomposed  pyrite  to  a  * 
depth  of  50  to  60  feet,  and  immediately  below  this  iron  ore  the 

•See  "The  first  Iron  Blast-furnaces  in  America."    Trans.  Am.  Inst.  Min.  Bng.,  1891. 
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solid  unaltered  pyrite  is  found  in  extent  comparable  only  to  the 
deposits  of  Norway,  Spain  and  Portugal. 

Almost  side  by  side  we  find  the  pyrites  and  the  gold  deposits, 
which  are  contemporaneous  with  the  slates  themselves,  the  gold 
in  these  slate  beds  evidently  being  derived  from  the  destruction  of 
the  older  rocks.  Prof.  Emmons  (writing  in  1856)  says  all  this 
gold  belongs  to  the  paleozoic  period,  and  came  in  the  shape  of 
sediments.  Prof.  Kerr  says  subsequently  to  its  deposition  it  has 
been  acted  upon  by  chemical  agencies,  dissolved  and  precipitated 
again,  sometimes  assuming  a  crystalline  structure,  sometimes  ac- 
cumulates in  strings ;  forms  lenticular  and  more  highly  auriferous 
masses  in  the  beds,  and  is  associated  with  crystalline  quartz, 
pyrite,  chalcopyrite,  galenite,  blende,  mispickel,  etc.  All  of  these 
characteristics  are  met  with  along  this  central  divide,  in  the  streams 
parallel  to  same,  and  in  the  breaks  and  water-courses  leading  to 
the  creeks.  At  the  Walton  gold  mine  some  of  the  richest  ex- 
amples ever  shown  of  gold  in  galenite  associated  with  mispickel 
were  taken  out  within  100  feet  of  the  surface. 

It  is  a  most  interesting  study  to  trace  the  mineral-bearing  belt 
which  here  finds  so  promising  conditions  for  the  segregation  of 
enormous  amounts  of  minerals  and  of  so  many  kinds. 

To  the  north\yard  the  greatest  lines  of  force  were  evidently  ex- 
erted by  a  sudden  depression  of  primitive  rocks,  which  now  lie 
under  water  off  the  east  shores  of  Virginia  and  Maryland,  in  a 
direct  course  from  Newfoundland  to  the  middle  Carolinas. 

We  have  nowhere  along  our  own  mineral  belt  from  Vermont  to 
Georgia  such  gigantic  dykes,  faults  and  dislocations  as  are  plainly 
observable  in  the  localities  named,  and  the  depression  of  a  mountain 
chain  equivalent  to  our  Alleghanies  can  alone  account  for  the 
mighty  breaks  across  the  stratification  which  gave  place  to  the 
Delaware  and  Chesapeake  bays,  the  Potomac,  James  and  minor 
waterways. 

Admitting  the  presence  at  one  time  of  this  east  mineral  range 
and  all  the  problems  which  meet  us  along  our  very  narrow  belt 
are  easy  of  solution.  The  existence  of  the  quartzose  detritus  from 
the  Potomac  to  the  James  rivers;  the  diluvium  of  the  western 
slopes  of  the  same  belt ;  the  mineralized  zones  in  limestone  at  the 
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base  of  the  Blue  Ridge ;  the  copper  in  Various  forms  and  at  irreg- 
ular distances  in  Maryland  and  Virginia — all  these  problems,  so 
puzzling,  are  answerable  when  the  source  is  admitted  to  be  from  an 
eastern  chain  of  mountains  lost  to  sight  by  some  great  cataclasm  of 
nature. 

On  the  eastern  side  of  the  pyrites  belt  the  chists  are  granite, 
micaceous  and  argillaceous,  with  workable  beds  of  mica,  kaolin, 
graphitic  talc,  etc.,  etc. 

On  the  westward  side  heavier  bands  of  granitic  schists  come  to 
surface  with  silicious  clays,  firestone,  soapstone,  flints,  etc.,  etc. 

At  the  northern  end  of  the  outburst  of  pyrites,  the  chloritic, 
steatite  and  talcose  slates  are  cut  squarely  across  by  some  agency 
and  form  a  dam,  over  which  the  Contrary  creek  flows  on  its  way 
to  become  a  part  of  the  North  Anna  river.  The  North  Anna  in 
turn  cuts  the  stratification  at  a  point  about  7  miles  further  north, 
and  these  two  cross-breaks  give  us  the  data  for  geological  research 
in  both  directions.  Where  the  Contrary  creek  crosses  the  pyrites 
belt,  there  are  radiating  breaks  in  the  sur&ce  like  spokes  in  an  im- 
mense wheel — ^the  position  of  the  hub  acting  as  a  basin  or  an  eddy 
for  the  accumulation  of  sedementry  matter  for  ages  past. 

Within  the  distance  of  a-half  mile  over  half  a  million  dollars  in 
stream  gold  has  been  taken  out  since  1820,  and  for  several  miles 
up  and  down  the  creek  large  amounts  of  gold  have  been  found. 

I  mention  these  features  to  show  how  exactly  similar  the  de- 
posits of  this  section  are  when  compared  to  Canada,  Vermont, 
Massachusetts  and  other  points  along  the  belt,  and  how  closely 
the  several  minerals  are  associated,  yet  how  exceedingly  diflficult 
it  is  to  find,  throughout  Virginia,  any  real  source  for  the  vast 
amounts  of  mineral.  In  Canada,  to  the  eastward  and  westward 
of  the  Capelton  mines,  there  are  millions  of  tons  of  diluvium  dis- 
tinctly foreign  to  the  locality  with  glacial  detritus  apparent. 

South  of  the  Potomac  we  have  no  evidences  of  glacial  action, 
no  detritus  other  than  from  the  primitive  rocks  themselves,  and 
every  evidence  of  the  deposition  of  minerals  from  solutions,  chem- 
ical actions  which  dissolve  and  precipitate  year  after  year,  in  a 
never-ending  cycle. 

The  first  property  from  the  northern  end  of  the  outburst  of  py- 
rite  is  owned  by  the  Sulphur  Mines  Co. ,  of  Virginia,  and  comprises 
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about  one  mile  length  on  the  beds.  The  extreme  northern  limit 
of  the  headlands  produce  the  cleanest  and  best  grade  pyrites,  the 
middle,  fin-shaped,  out-break  is  pyrrhotite  and  the  southern  break 
is  zinciferous  pyrite,  with  lead  and  possibly  silver  as  depth  is 
gained. 

Only  the  first  named  deposit  is  being  worked  at  present. 

The  second  property  is  owned  by  Philadelphia  parties,  but  as 
only  exploratory  work  has  been  done  so  far  in  the  rise  of  ground 
at  the  southern  end  of  the  lands,  there  is  no  data  to  form  opinions 
as  to  character  and  values  of  the  ores. 

The  third  property  is  owned  by  the  Arminius  Copper  Mines  Co., 
with  about  three-quarters  of  a  mile  length  on  the  beds — a  miner- 
alized belt  from  end  to  end.  In  the  bed  of  a  small  water-course 
the  lowest  depression  on  the  lands  of  this  company,  there  is  dis- 
closed the  outcrop  of  a  considerable  deposit,  which  was  opened  40 
years  ago  for  copper,  and  thus  gave  the  name  to  this  property. 
Reopened  of  late  years  there  has  been  found  a  very  peculiar  pyrite 
deposit;  with  sulphur  contents  about  40  per  cent.;  with  magnetic 
iron  in  finely  divided  grains ;  with  chalcopyrite  containing  silver 
and  gold  to  amount  to  say  $15  per  ton,  and  a  most  distinctive 
matrix  of  graphitic  slate.  At  no  other  locality  on  the  belt,  except 
at  Tallapoosa,  Ga.,  have  I  seen  anything  to  resemble  this  ore  and 
its  accompanying  gangue. 

To  the  southward  the  ground  rises  75  feet  to  the  location  of  the 
main  working  shafts  of  the  company,  2000  feet  distant,  and  here 
we  find  the  deposit  opened  for  600  feet  length,  500  feet  depth  and 
average  width  20  to  60  feet.  The  pyrites  mined  from  this  deposit, 
and  shipped  at  the  rate  of  40,000  tons  annually,  are  too  well  known 
to  need  special  comment,  analysis  having  already  been  given  in 
the  table  of  45  to  48  per  cent,  sulphur,  etc. 

The  fourth  property  has  a  length  of  one  mile  on  the  course  of 
the  schists,  but  no  favorable  surface  outcrops.  The  presence  of 
an  extensive  quartzite  dyke  which  comes  to  the  surface  between  the 
last-named  properties,  alongside  which  the  Walton  gold  mine 
seems  to  have  derived  its  minerals,  and  the  bold  outburst  of  a 
chloritic  dyke  to  the  eastward  may  account  for  the  absence  of 
visible  surface  deposits  on  this  fourth  property. 

The  fifth  property  of  the  group  of  mines  lies  to  the  south  of  the 
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Chesapeake  &  Ohio  Railway,  but  has  no  development  worthy  of 
mention. 

Both  the  first  and  third  named  mine  properties  are  connected 
with  the  main  line  of  the  Chesapeake  &  Ohio  Railway  by  standard 
gauge  branch  railways,  constructed  and  owned  by  themselves. 
They  are  thus  in  direct  communication,  with  all  the  large  cities  of 
the  Western,  Middle  and  Southern  States,  as  well  as  within  easy 
shipping  distance  of  Richmond,  Va.,  60  miles  ;  also  but  150  miles 
from  Newport  News  and  Norfork,  Va.,  where  vessels  at  all  times 
are  obtainable  for  transport  of  the  pyrites  or  their  products  to  any 
coast  dty  of  this  country  or  abroad. 

A  peculiar  advantage  is  secured  by  shipping  at  these  ports,  in- 
asmuch as  one-third  the  cotton  crop  of  the  South  is  marketed  from 
Norfolk,  and,  as  ballast  in  cotton  ships,  the  freights  to  European 
ports  is  never  over  one  dollar  per  ton,  generally  less. 

I  have  already  stated  that  shipments  from  the  Louisa  County 
deposits  for  the  year  1891  will  amount  to  at  least  70,000  tons. 

This  replaces  foreign  brimstone  to  the  amount  of  30,000  tons, 
or  an  annual  saving  of  over  $750,000  in  cash,  formerly  paid  to 
owners  of  old  world  mines. 

In  this  connection  it  should  be  understood  that  although  this 
almost  barren  waste  of  mineral  land  has  been  known  for  the  past 
fifty  years,  and  has  produced  only  small  amounts  of  iron  ores — 
worked  in  an  exceedingly  crude  manner  without  appreciable 
benefit  to  the  surrounding  country,  yet  since  the  opening  of  the 
Arminius  mines  by  the  present  owners,  and  their  introduction  into 
very  general  use  of  the  granular  ores  which  this  district  furnishes 
in  greater  quantities,  there  has  sprung  up  a  settled,  orderly,  pros- 
perous community  of  nearly  one  thousand  souls  directly  dependent 
upon  the  mines  for  their  support,  and  this  number  is  constantly 
being  increased  as  the  demand  for  ore  increases.  With  supplies 
of  ore  now  in  sight,  with  added  investments  for  the  fiirther 
treatment  of  these  mine  products,  there  will  gather  about  this  sec- 
tion many  industries  which  employ  labor  and  build  up  thriving 
centers  of  trade. 

During  the  nine  years  of  development  work  in  Louisa  County, 
Va.,  the  sulphur  from  those  ores  has  been  sold  for  less  than  half 
the  price  of  brimstone. 
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Do  we  realize  the  influence  of  such  radical  lessening  of  prices, 
made  possible  by  utilization  of  home  products  of  the  soil  ? 

The  consumption  of  acid  phosphate  this  year,  in  the  Southern 
States  alone,  will  exceed  600,000  tons,  and  the  prices  this  year 
will  be  $4,000,000  less  than  paid  for  an  equal  quantity  four  years 
ago. 

Were  the  pyrites  of  the  Southern  States  fully  utilized  $1,000,000 
would  be  saved  to  the  South  on  the  above  tonnage. 

Southwesterly  from  the  Louisa  county  deposits  there  is  but  one 
development  on  the  mineral  belt  near  the  James  river,  and  that  is 
in  Buckingham  county,  where  a  small  outcrop  of  copper-bearing 
pyrites  has  been  uncovered  during  the  general  search  for  gold. 
The  developments  now  going  on  by  a  new  company  will  practi- 
cally test  the  deposit  for  quantity  and  value. 

Floyd,  Carroll  and  Grayson  counties  are  well  known  mineral 
producers,  and  are  often  quoted  as  containing  enormous  bodies  of 
low  grade  copper  ores  in  pyrite.  While  the  ores  are  commonly 
classed  as  pyrites,  it  is  unfortunately  the  fact  that  few  localities 
only  have  disclosed  bi-sulphides  of  iron,  the  bulk  of  the  ores  being 
pyrrhotite,  the  same  as  already  mentioned  as  found  in  large  quan- 
tities at  the  Elizabeth  mine  in  Vermont.  Chalcocite  and  chalco- 
pyrite  is  found  in  greater  or  less  amount  in  these  p3aThotites,  and 
over  a  long  stretch  of  country.  It  is  within  the  possibilities, 
therefore,  that  in  the  near  future  there  will  be  introduced  such 
economical  methods  of  working  this  class  of  ores  as  to  warrant  the 
establishment  of  industries  on  a  grand  scale.*  All  of  the  ore  is 
silver  bearing,  and  probably  carries  some  gold,  is  remarkably  free 
from  arsenic,  phosphorus,  antimony,  etc.;  so  that  admitting  the 
absence  of  sulphur  in  paying  quantities,  there  are  yet  other  pro- 
ducts which  would  be  commercially  valuable  when  worked  under 
one  system. 

By  reference  to  a  map  of  Virginia,  it  will  be  seen  that  at  present 
this  mineral  range  from  Floyd  county,  the  northern  boundary,  to 
Ashe  county.  North  Carolina,  the  southern  end,  is  without  direct 
railway  communication.  Were  lines  extended  into  this  section, 
the  distance  from  existing  markets  and  the  excessive  freight  rates 

*8ee,  the  Iron  Ores  of  Virginia  and  their  development,  Trans.  Am.  Inst.  Min.  Bng., 
i89o-'9i. 
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in  sucb  mountainous  regions  would  more  than  likely  overcome  the 
advantages  ivliich  should  accrue  to  so  extensive  deposits. 

Tbere  is,  lio^rever,  no  necessity  for  marketing  these  ores  in  the 

more  nortberly  states,  in  opposition,  perhaps,  to  other  mines,  as 

markets  of  equal  importance,  if  not  of  greater  extent,  will  shortly 

be  opened   within  easy  reach  by  rail,  and  the  Southern  States 

should  properly  draw  their  supplies  from  such  sources  as  are  found 

along  their  own  mineral  belts. 

The  Ore  Knob  mines,  perhaps  more  favorably  known  than  any 
other  mine  location  of  this  Eastern  belt,  belongs  to  this  group  of 
deposits,  and  are  but  ten  miles  south  of  the  Virginia  state  line. 

The  range  lies  4,590  feet  above  sea  level,  as  compared  to  500 
feet  in  Louisa  county,  yet  the  outcrop  is  the  same  gossan,  or  iron 
hat,  and  of  the  same  mineral  thickness.  In  shafting  for  the  ores, 
no  dead  work  has  to  be  done  except  to  pass  through  this  iron  gos- 
san, never  more  than  fifty  feet,  and  the  walls  being  almost  vertical 
the  mining  of  the  beds,  which  are  from  ten  to  fifteen  feet  thick,  is 
attended  with  little  expense  in  timbering,  etc. 

Mining  operations  have  been  conducted  along  this  belt  since 
1857,  and  it  is  but  lately  that  copper  works  of  the  most  complete 
character  were  in  going  shape,  and  successful,  until  the  price  of 
ingot  dropped  below  the  twelve-cent  line. 

These  workings,  carried  on  for  many  years,  demonstrated  to  a 
certainty  that  ores  of  this  class,  containing  less  than  three  per  cent, 
of  copper,  cannot  be  handled  to  a  profit  with  ingot  at  twelve  cents. 

Location  may  be  said  to  mean  everything  in  the  way  of  success 
or  failure,  and  it  is  true  that  transportation  problems  were  among 
the  main  causes  for  failure  in  this  particular  case.  Such  draw- 
backs are,  however,  a  direct  stimulus  for  improving  every  detail 
of  working,  so  that  costs  in  every  department  are  lessened  to  meet 
the  heavy  charges  for  transport  to  market.  The  great  improve- 
ments in  roasting,  smelting  and  refining  of  copper,  gold  and  silver 
have  come  from  this  necessity. 

With  the  settlement  of  the  transportation  problems  and  the 
erection  of  metallurgical  plants  to  treat  all  the  contained  metals  in 
these  ores  there  promises  to  be  a  grand  future  for  this  district. 

About  100  miles  to  the  eastward  are  found  the  mines  of  the 
great  gold  belt,  which  extends  from  the  Virginia  line  to  Georgia. 
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This  belt  is  from  5  to  20  miles  wide  and  contains  such  well- 
known  examples  of  large  ore  deposits  as  the  Hoover,  Gold  Hill, 
Russell,  Brewer  and  Haile  mines,  beside  many  others  of  lesser 
magnitude.  They  are  too  well  known  from  frequent  mention  in 
geological  reports,  private  descriptions,  and  every-day  knowledge 
of  their  special  characteristics  to  need  elaborate  mention  here,  but 
the  entire  belt  will  be  the  scene  of  renewed  activity  at  no  very 
distant  period,  when  the  values  in  sulphur,  iron  and  precious  met- 
als are  properly  appreciated. 

In  a  strictly  mineral  sense  I  class  this  belt  of  mineralized  slates 
as  among  the  grand  natural  wonders  of  this  country,  and  no  one 
can  travel  its  length  and  breadth  without  marveling  at  the  wealth 
in  low  grade  ores,  easy  of  access,  enormous  in  amount. 

That  so  much  of  anticipation  and  so  little  of  realization  has  been 
the  history  of  this  section  thus  far  is  owing  not  to  the  lack  of  ton- 
nage nor  to  varying  values,  but  it  may  be  said  that  causes  which 
have  brought  disaster  to  enterprises  along  this  mineral  range  are 
the  same  causes  which  have  produced  a  like  result  in  every  promi- 
nent mining  section  of  the  world.  Starting  with  the  broad  propo- 
sition that  a  dose  business  management  is  as  essential  in  mining 
as  in  every  other  enterprise,  and  that  there  is  a  certain  definite 
percentage  of  success  and  failure  in  all  business,  it  can  be  proved, 
by  examples  exactly  fitted  to  the  conditions  existing  along  this 
belt,  that  ton  for  ton,  and  working  up  all  the  products,  there  will 
be  found  a  greater  average  profit  than  in  western  ores. 

I  shall  attempt  to  make  this  statement  perfectly  clear  in  every 
way  ftirther  on,  basing  my  arguments  on  premises  never  yet 
brought  forward  with  reference  to  these  ores. 

The  Carroll  and  Ashe  county  deposits  continue  in  a  direct  line 
into  Georgia  with  Dahlonega  as  a  center,  thence  to  Alabama,  en- 
tering, through  Cleburne  county,  where  the  well  known  Stone  Hill 
mines  were  opened  many  years  ago. 

The  upturned  mineral  bearing  slates  form  a  continuous  divide 
from  Maryland  to  the  Coosa  river  in  Alabama,  where  they  are  en- 
tirely cut  out  and  disappear.  The  waters  generally  flow  to  the 
north  and  south  of  this  divide,  that  is,  to  the  Ohio  and  Mississippi 
rivers  in  the  one  direction,  and  to  the  Atlantic  ocean  in  the  other.. 

Every  creek,  stream  and  gash  along  this  divide  is  gold  bearing 
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to  some  extent,  the  eastern  slope  furnishing  mostly  free  gold  and 
the  western  slopes  oftener  showing  pyrites  at  or  near  the  surface. 
The  ftee  gold  developments  are  not  necessary  to  mention  in  this 
article.  The  pyrites,  however,  have  received  too  little  attention 
during  all  these  years  of  prosperity  to  the  South,  and,  so  far  as 
disclosed  by  the  limited  prospecting,  have  been  so  favorable  a 
material  for  the  manufacttu^  of  sulphuric  acid  that  it  is  to  be  hoped 
a  more  liberal  policy  will  be  advanced  and  adopted  from  this  time 
on  which  will  bring  them  into  the  prominence  they  deserve. 

The  deposits  near  Dallas,  in  Paulding  county,  and  the  Talla- 
poosa mines  in  Harralson  county,  have  already  been  mentioned 
by  me. 

They  are  mineralized  zones  of  pyrite,  with  variable  amounts  of 
copper,  iron,  gold  and  silver  found  in  the  usual  schistose  slates, 
with  a  gangue  which  is  easily  separated  by  the  commonest  methods 
of  mechanical  concentration.  Their  mining,  classification,  treat- 
ment for  extraction  of  the  sulphur  in  acid  manufacture  and  sub- 
sequent recovery  of  the  contained  metals,  is  one  of  the  problems 
successfully  worked  out  in  the  North  on  like  ores,  during  the  past 
fifteen  years,  and  now  carried  on  in  a  large  way  near  New  York — 
250  tons  daily. 

The  Stone  Hill  mines,  in  Alabama,  consist  of  two  large  deposts 
of  pyrrhotite  ;  one  of  them  proved  twelve  hundred  feet  in  length. 

The  ores  are  intercalated  in  a  micaceous  schist  of  the  Laurentian 
age,  the  surface  ^tered  into  limonite  by  atmospheric  agencies,  and 
in  the  zone  below  the  iron  hat  black  oxide  of  copper  has  been 
found  in  large  quantities,  or  more  properly,  a  rich  black  sulphide 
containing  about  30  per  cent,  copper. 

The  bed  is  a  mixed  slate  and  pyrites  over  15  feet,  and  p)nrrhotites 
for  15  to  20  feet  greater  width,  the  bulk  of  the  ores  from  end  to 
end  carrying  over  3  per  cent,  of  copper,  and  except  for  the  usual 
difiSculties  of  location  and  crude  methods  of  working  which  were 
adopted  at  the  time  this  property  was  opened  fifteen  years  ago, 
there  would  have  been  a  generous  profit  to  the  owners. 

To-day  the  location  and  the  certainty  of  very  large  bodies  of 
copper-bearing  ores  in  this  section  must  have  a  positive  influence 
in  determining  new  ventures,  and  sufficient  capital,  with  the  latest 
practice  in  metallurgy,  must  win  for  the  fortunate  owners  such 
returns  as  will  recompense  them  for  the  long  period  of  idleness. 
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In  1866  extensive  operations  were  carried  on  in  Fannin  county, 
Ga.,  the  ores  of  this  section  resembling  somewhat  the  slaty  ores 
from  the  East  Tennessee  mine  to  the  northward.  They  were 
worked  from  beds  twenty  feet  wide  over  quite  a  length,  but  are 
now  filled  with  water  and  debris  to  an  extent  which  makes  it  im- 
possible to  judge  of  the  real  values.  Concentrating  and  smelting 
operations  were  carried  on  for  several  years,  as  evidenced  by  the 
dumps  now  overgrown  and  changed  by  atmospheric  agencies. 

Just  over  the  boundary  line  of  Tennessee,  and  in  the  southeast 
comer  of  that  State  the  Ducktown  mines  are  found  in  a  basin  per- 
haps twenty  miles  in  diameter,  seemingly  the  issue  of  and  formed 
by  the  partings  and  dislocations  of  the  main  chain  of  the  AUe- 
ghanies,  which  at  this  point  almost  abruptly  end  their  direct 
course  and  part  to  the  east  and  west. 

Entering  this  valley,  by  means  of  a  winding  trail  over  the  tow- 
ering mountains  to  the  eastward,  there  is  presented  a  picture  of 
mournful  strength  and  lifelessness,  strangely  impresssive  in  every 
sense — a  desolate  valley  with  its  irregular  placed  knobs  of  vary- 
colored  rocks,  mineralized  and  artificial  openings,  denuded  of  all 
vegetation  by  the  scouring  action  of  sulphurous  gases  which  swept 
over  it  for  many  years. 

Rising  200  feet  and  upwards  above  the  water  level  of  the  basin, 
with  millions  of  tons  of  iron  ores  on  the  surface,  these  deposits 
sink  into  insignificance  all  known  mining  sections  with  the  single 
exception  of  the  central  portion  of  the  Sierra  Morena  in  Spain. 
Every  evidence  of  a  wonderful  concentration  of  mineral  wealth  at 
this  particular  location  can  be  gained  by  cursory  examinations,  as 
nothing  on  the  surface,  neither  tree  nor  vegetation,  obstructs  the 
general  observation  or  renders  difficult  the  closest  study. 

The  rocks  have  been  fairly  scoured  by  the  action  of  sulphur  gas ; 
numerous  openings  are  found  above  the  water  level ;  enormous 
dumps  of  low  grade  ores  and  waste  matters  are  met  with  on  every 
side,  and  the  wrecks  of  the  earlier  attempts  in  metallurgy  are  yet 
present  to  serve  as  milestones  in  the  pathway  of  American  progress. 

Students  in  geology,  mineralogy  and  metallurgy  cannot  afford 
to  miss  the  rare  treat  of  a  visit  to  this  well-known,  but  generally 
inaccessible  location,  and  especially  so  before  the  march  of  newer 
events  shall  have  taken  from  it  the  charm  of  silence  and  the  ma- 
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jesty  of  a  repose  seen  in  no  other  mining  region.  Three  parallel 
zones  of  minerals  are  fully  proved  over  several  miles  in  the  central 
portion  of  the  basin. 

The  Bast  Tennessee,  London,  Cocheco  and  Hiwasse  mines 
comprise  the  Western  zone ;  the  Isabella  and  Eureka  range  of  de- 
posits are  in  the  center ;  the  Polk  county,  Mary  and  Callaway 
mines  are  on  the  Eastern  zone.  Siliceous  and  slaty  ores  predomi- 
nate on  the  Western  zone,  and  this  class  of  products  require  con- 
centration by  the  usual  methods  employed  in  foreign  countries 
where  for  more  than  100  years  they  have  been  working  out  these 
problems. 

The  entire  surface  of  the  beds  above  the  level  of  the  streams  are 
composed  of  limonites — ^altered  by  atmospheric  agencies  and  the 
presence  of  percolating  waters — the  copper  from  which  is  found  in 
pockets  and  masses  generally,  and  is  known  by  the  term  **  black 
oxide." 

This  is  easily  soluble  after  contact  with  the  air,  and  gives  rise 
to  the  strong  copper  waters  found  in  every  mine,  as  well  as  over- 
flowing into  the  streams  near  at  hand.  Immense  amounts  of  ce- 
ment copper  have  been  made  from  these  waters,  and  the  actions 
are  at  all  times  going  on  underground,  converting  the  sulphides 
of  the  ore3  into  oxides,  sulphates,  etc.,  there  being  heat  enough 
from  this  cause  to  be  appreciable  in  winter,  the  snow  melting  from 
the  surface  in  an  exceedingly  short  time  and  before  it  is  affected 
on  any  other  part  of  the  lands  about. 

Operations  on  a  very  extensive  scale,  covering  a  period  of  per- 
haps twenty  years,  have  disclosed  the  general  shape  and  extent  of 
the  lenticular  beds  in  each  of  the  mines  named,  and,  with  the  sin- 
gle exception  of  the  East  Tennessee  mine,  there  have  been  few 
developments  at*  depths  which  prove  values,  the  surfece  oxidized 
ores  and  higher  grades  of  yellow  sulphurets  with  black  oxides  of 
copper  being  alone  worthy  the  exploitation  when  transportation 
charges  were  so  excessive.  With  the  system  at  present  pursued 
in  other  mining  districts  modified  to  meet  the  particular  necessities 
of  each  mine,  this  region  should  support  a  large  and  prosperous 
population  for  centuries  with  established  industries  needed  by  the 
contiguous  agricultural  and  manufacturing  centers. 

[TO  BE  CONTINUED.] 


THE  CHEMICAI.  ANALYSIS  OF  ALUMINUM. 

By  Alfred  E.  Hunt,  Gbo.  H.  Clapp,  and  James  O.  Handy. 

The  principal  impurities  found  by  us,  in  commercial  aluminum, 
have  been  silicon,  iron,  and  copper. 

The  present  system  of  valuation  of  aluminum  is  based,  chiefly, 
on  the  total  percentage  of  impurities,  but  account  is  also  taken  of 
their  nature  and  relative  amounts. 

SOLUBILITY   OF  ALUMINUM. 

Hydrochloric  acid  (sp.  gr.  1.2)  dissolves  aluminum,  in  the 
form  of  drillings  or  chips,  with  very  great  rapidity.  Sudden  foam- 
ing up  takes  place,  and  much  heat  is  produced.  As  this  foam- 
ing often  causes  overflow,  it  is  desirable  to  use  a  more  dilute 
acid  for  analytical  work.  A  mixture  of  35  per  cent,  hydrochloric 
acid  (sp.  gr.  1.2)  and  65  per  cent,  of  water  is  better  suited  for  gen- 
eral work. 

Nitric  acid  (sp.  gr.  1.42)  when  cold,  appears  to  have  no  action 
on  aluminum.  In  boiling  acid,  however,  the  metal  is  very  slowly 
dissolved. 

Nitric  acid  (sp.  gr.  1.2),  similarly,  has  little  or  no  action  when 
cold.     At  the  boiling  point,  it  dissolves  aluminum  slowly. 

Sulphuric  acid  (sp.  gr.  1.84),  acting  on  aluminum,  in  the  cold, 
soon  forms  on  its  surface  a  coating  of  sulphate,  which  protects  the 
remaining  metal.  When  heated,  concentrated  sulphuric  acid  dis- 
solves aluminum  slowly. 

Dilute  sulphuric  acid,  containing  25  to  50  per  cent,  of  concen- 
trated acid,  dissolves  aluminum,  in  the  cold,  but  only  after  a  long 
time.  Heating  hastens  the  .solution  to  such  an  extent  that  we 
have  hopes  of  using  this  method  of  attack  in  determining  iron 
hereafter. 

Aqua  regia,  even  that  which  contains  only  one-sixth  as  much 
hydrochloric  acid  as  nitric  acid,  and  a  volume  of  water  equal  to 
that  of  the  mixed  acids,  dissolves  aluminum  almost  completely 
without  warming  ^nA  fully  when  heat  is  applied. 

Potassium  hydrate  solutions  of  various  strengths  dissolve  alum- 
inum readily. 

F.  Regelsberger  {Zeit,  fur  angewandte  Chemie^  June,  1891)  uses 
potassium  hydrate,  usually  in  40  per  cent,  solution,  as  a  solvent  in 
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the  processes  by  which  he  analyzes  aluminum,  i  gm.  of  alum- 
inum requires  for  solution  about  15  cc.  of  the  40  per  cent.  KOH. 
We  do  not  favor  this  solvent  for  general  work.  Its  use  pro- 
longs the  analysis,  and  renders  close  attention  a  necessity.  The 
fatal  objection,  however,  to  its  use  in  a  laboratory,  where  large 
nnmbers  of  aluminum  analyses  are  to  be  made,  is  its  expense.  It 
would  cost  three  times  as  much  as  the  acid  processes  which  we 
employ. 

SILICON. 

a.  Properties  of  Silicon  in  Aluminum. — In  planning  a  method 
for  determination  of  silicon  in  aluminum,  it  is  necessary  to  remem- 
ber that  it  exists  therein,  in  two  forms,  the  graphitoidal  or  crystal- 
line, and  the  combined  form. 

PROPERTIES  OF  GRAPHITOIDAL  SILICON. 

When  commercial  aluminum  is  dissolved  in  any  acid  or  mixture 
of  acids,  graphitoidal  silicon  remains  behind,  mixed  with  more  or 
less  silica.  Our  experiments  show  that  this  graphitoidal  silicon 
has  the  following  properties  : 

a.  It  is  oxidizable  only  to  a  slight  extent  by  heating  over  a 
Bunsen  burner  or  blast  lamp.  Oxidation  proceeds  slowly  even  if 
the  mass  is  frequently  stirred. 

We  found  that  0.1114  gms.  of  a  mixture  of  silicon  with  a  very 
small  amount  of  silica  gained  .0050  gm.  in  i  hour,  over  a  Bun- 
sen  Aame. 

In  a  second  experiment,  0.0908  gm.  of  a  mixture  of  silicon  and 
silica  (half  and  half)  gained  .0018  gm.  in  fifteen  minutes,  heating 
over  a  blast-lamp. 

Oxidation  by  heating  alone  is,  therefore,  too  slow  to  be  of  use 
analytically. 

b.  Graphitoidal  silicon  is  gradually  oxidized  and  dissolved  by 
heating  with  40  per  cent,  potassium  hydrate  solution. 

c.  Fusion  with  sodium  or  potassium  carbonate  or  nitrate,  quickly 
oxidizes  graphitoidal  silicon  and  produces  the  corresponding  sili- 
cate. 

d.  Notwithstanding  the  difi&culty  of  oxidizing  graphitoidal  sili- 
con completely  by  heating  it  in  the  air,  \\s, partial  oxidation,  by 
this  means,  is  sufficient  to  interfere   seriously  with  any  method 
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which  depends  for  success  on  its  permanency,  even  for  a  short 
time. 

Thus,  when  at  the  end  of  the  first  step  in  the  determination  of 
total  silicon,  we  obtain  a  mixture  of  silicon  and  silica,  it  would 
seem  to  be  a  very  simple  procedure  to  treat  this  weighed  mixture 
with  a  few  drops  of  sulphuric  acid  and  3  to  5  cc.  of  hydrofluoric 
acid,  evaporate,  ignite,  and  weigh  the  residual  silicon. 

Unfortunately,  as  the  experiments  show,  the  determinations  are 
not  so  simple.  Of  course,  all  the  silica  which  was  originally  pre- 
sent, has  been  volatilized  by  the  hydrofluoric  treatment,  but  we 
have  left,  a  residue  of  silicon  and  silica  from  the  oxidation  of  a 
part  of  the  original  graphitoidal  silicon.  Having  thus  discovered 
that  part  of  the  graphitoidal  silicon  has  been  oxidized,  we  are  left 
in  doubt  whether  some  silica  from  that  source  also  has  not  been 
volatilized  by  the  hydrofluoric  acid  treatment.  Our  experiments 
show  that  it  has. 

Thus,  the  apparent  loss  of  weight  by  the  HF  treatment  is  made 
up  of  silica  (originally  present),  plus  silica  from  oxidation  of 
graphitoidal  silicon,  and  minus  oxygen  taken  up  by  graphitoidal 
silicon.  Table  i  gives  the  results  of  experiments  by  this  method, 
first  on  the  original  mixture  of  silicon  and  silica,  and  then  on  the 
residues  from  the  H^SO^  +  HF  treatment  of  the  mixtures. 

TABLE    I. 

Separation  of  Silica  from  Silicon  by  Sulphuric  and  HF  Treatment, 


I  I 

No.  491.  Na  483.  No.  499.  No.  602.  No.  475 


Original  weight  silicon  and 
silica 

Loss  of  weight  by  first  HF 
treatment 

Loss  of  wek^ht  of  first  resi- 
due by  HF  treatment    .   . 

Loss  of  weight  of  secondresi- 
due  by  HF  treatment    .   . 


Gms. 


.0218 
.0029 
.0039 


GniB. 

.0341 
.0136 
.0067 

.0057 


No.  475.  No.  475 


Gms. 

.0183 
.0051 
.0020 
.0021 


Gms. 

.0132 
.0041 
.0004 
.0009 


Gms. 

.0909 

.0453 
.0094 

.0097 


Gms. 

.0908 
.0460 
.0167 
.0098 


Gms. 

.0297 
.0147 
.0061 


Thinking  that  better  results  might  be  obtained  by  washing  the 
silicon  out  of  the  mixture,  by  the  use  of  dilute  hydrofluoric  acid 
alone,  a  few  experiments  were  made.     The  weighed  mixture  of 
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silicon  and  silica,  in  a  platinum  crucible,  was  stirred  with  5  cc.  of 
Baker  &  Adamson's  C.  P.  hydrofluoric  acid,  till  lumps  were  dis- 
integrated. Two  parts  of  water  were  then  added,  and  the  mix- 
ture filtered.  One  wash  was  given  with  a  mixture  of  30  per  cent. 
hydrofluoric  acid  and  70  ptv  cent,  water,  and  then  a  number  of 
washings  'with  water  sufificient  to  remove  the  acid.  The  filter  paper 
was  then  burned  off  and  the  residue  weighed.  Repetition  of  the 
washing^,  etc.,  showed  that  the  graphitoidal  silicon  had  been  oxidized 
to  a  slight  extent  during  the  short  heating  required  to  bum  off 
the  filter  paper. 

TABI,E  II. 

Separation  of  Silica  from  Silicon  by  HF  wash. 


Original  weight  of  silica  and  silicon 

Loss  of  weight  by  first  HF  wash 

Loss  of  weight  of  residue  from  first  treatment  by  sec- 
ond HF  wash 


No.  419. 


Cms. 

.0454 
.0094 

.0027 


No.  427. 


Cms. 

.0561 
.0123 

.0018 


No.  443. 


Gms. 

.0492 
.0120 

.0011 


It  is  probable  that  the  oxidation  of  the  residual  graphitoidal 
silicon  can  be  wholly  avoided  by  drying  it  on  a  weighed  filter 
instead  of  attempting  to  bum  off  the  filter  paper,  but  we  found 
that  this  would  be  impracticable  for  general  work,  because  of  the 
difficulty  of  weighing  a  number  of  filters  under  exactly  the  same 
conditions  before  and  after  HF  washing. 

We  are  now  preparing  to  test  for  a  method  of  filtration  of  the 
silica  and  graphitoidal  silicon  upon  a  platinum  filter  made  in  the 
form  of  a  truncated  cone,  which  will  fit  closely  in  the  base  of  a 
platinum  Gooch  filter,  or  in  such  a  filter,  without  the  perforated 
base.  The  scheme  being  to  weigh  the  filter  after  washing  the 
silica  and  silicon  mixture  with  hot  dilute  hydrochloric  acid  and 
water,  and  finally  with  hot  water  and  drying  at  80  degrees 
C,  treating  with  hydrofluoric  acid  and  sulphuric  acid  to  dissolve 
the  silica.  Wash  with  hot  water,  and  weigh  again  without  delay, 
after  drying  at  80  degrees  C,  the  loss  in  weight  being  the  silica  in 
the  mixture,  and  the  residue  being  the  graphitoidal  silicon.  This 
method  bids  fair  to  prove  approximately  accurate.  The  platinum 
truncated  cone  is  being  made  as  an  enclosed  box  of  platinum  sheet 
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soldered  around  a  mass  of  an  alloy  of  platinum  and  zinc,  the  top 
and  bottom  surfaces  being  perforated  with  fine  holes  for  the  passage 
of  the  liquids  through  it,  the  zinc  being  dissolved  out  of  the  alloy 
with  sulphuric  acid,  leaving  the  interior  of  the  cone  a  mass  of 
platinum  sponge  to  act  as  a  filter.  The  filter  can  be  cleaned  from 
the  graphitoidal  silicon  by  immersing  it  in  a  mass  of  molfen  sodium 
carbonate  in  a  platinum  crucible,  which  will  transform  the  silicon 
into  silica,  in  which  condition  it  can  be  washed  out  with  hydro- 
fluoric acid. 

COMBINED   SILICON. 

A  portion  of  the  silicon  in  aluminum  exists  in  the  combined 
form. 

The  ratio  of  combined  to  graphitoidal  silicon  is,  according  to 
our  experience,  less,  the  more  silicon  the  metal  contains. 

DETERMINATION  OF  TOTAL  SILICON. 

0-9334  8^-  of  thin  turnings  or  drillings  are  placed  in  a  4-inch 
evaporating  dish.  15  cc.  of  nitric  acid  (sp.  gr.  1.2)  and  2  cc.  of 
concentrated  hydrochloric  acid  are  added  and  mixed,  and  the 
dish  covered  with  a  glass. 

Solution  takes  place  with  evolution  of  NOj  (hyponitric)  fumes, 
showing  that  the  conditions  favor  oxidation  of  combined  silicon. 
In  a  few  minutes,  when  action  has  nearly  ceased,  about  2  cc.  more 
of  concentrated  hydrochloric  acid  are  added.  This  completes  the 
decomposition  of  all  except  the  very  pure  grades  of  aluminum. 
These  require  warming  with  the  acid  mixture  for  a  time. 

After  the  aluminum  has  dissolved,  20  cc.  of  concentrated  sul- 
phuric acid  are  stirred  in  and  the  mixture  evaporated  quickly,  on 
a  hot  plate,  till  it  gives  oflF  fumes  of  sulphuric  anhydride.  The 
dish  is  removed  before  the  aluminum  sulphate  separates  and 
spirts. 

After  allowing  it  to  cool  for  a  few  minutes,  75  cc.  of  water  and 
10  cc.  of  hydrochloric  acid  are  added  to  the  contents  of  the  dish, 
and  the  whole  well  stirred.  After  boiling  up  for  about  5  minutes, 
filter  ofi"  the  mixture  of  silicon  and  silica  and  wash  with  water, 
next  with  hot  hydrochloric  (30  per  cent.)  acid,  and  finally  with 
water  till  firee  firom  acid. 

The  filter  paper  is  then  burned  oflF  and  the  residue  fused  with 
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about  3  gms.  of  sodium  carbonate  or  fusion  mixture.  Cool  the 
crudble  containing  the  fusion  by  placing  it  in  25  cc.  of  water  in  a 
4-inch  evaporating  dish.  Cover  the  dish,  and  add  suflBcient  con- 
centrated hydrochloric  acid  to  decompose  the  fusion  ;  when  effer- 
vescense  ceases,  rub,  and  wash  silica  off  from  surfaces  of  crucible 
and  cover,  and  remove  the  latter  from  the  dish. 

Add  15  cc.  concentrated  sulphuric  acid,  and  boil  down  tjie  mix- 
ture to  sulphuric  fumes,  on  the  hot  plate. 

After  cooling  sufficiently,  add  75  cc.  of  water  and  10  cc.  of  con- 
centrated hydrochloric  acid,  boil  up  and  filter.  Wash  thoroughly 
with  water,  30  percent,  hydrochloric  acid,  and  finally  water.  Bum 
off  and  weigh  silica.  As  0.9334  gms.  of  aluminum  were  taken 
for  analysis,  the  weight  of  silica  in  grams  less  the  silica  obtained 
from  the  fusion  mixture  divided  by  .02  fequals  per  cent,  of  silicon 
(total).  We  have  many  times  treated  with  HF  silica  thus  obtained 
and  have  always  folind  it  pure. 

Our  reasons  for  using  sulphuric  acid  to  dehydrate  the  silica  are 
its  rapid  action  compared  with  evaporation  to  dryness,  and  its 
leaving  the  silica  in  a  form  which  filters  easily.  Evaporation  of 
hydrochloric  and  nitric  acid  solutions  to  dryness  fails  to  fulfil  these 
requirements. 

DETERMINATION  OF   IRON  AND   COPPER. 

I  gm.  of  aluminum  is  dissolved  in  40  cc.  of  a  mixture  of  33  per 
cent,  concentrated  hydrochloric  acid  with  67  per  cent,  water. 
When  solution  has  been  effected,  boil  up,  dilute  with  warm  water 
to  250  cc.  and  pass  sulphuretted  hydrogen  into  the  solution,  till 
saturated. 

Filter  off  silicon,  sulphide  of  copper,  etc.  The  copper  is  sepa- 
rated fix)m  the  residue  and  determined  by  any  of  the  well-known 
methods.  For  instance,  having  obtained  the  copper  in  nitric  acid 
solution  from  the  ignited  residue  in  which  the  silica  has  been  ren- 
dered insoluble,  the  latter  solution  can  be  evaporated  to  dryness, 
and  after  ignition  the  residue  of  cupric  oxide  weighed.  The 
copper  may  also  be  determined  by  battery  precipitation  from  a 
dilute  sulphuric  acid  solution. 

The  iron,  in  the  filtrate,  from  the  precipitation  with  H,S,  is  esti- 
mated by  titration  (after  boiling  down  the  solution  to  50  cc.)  by 
means  of  standard  potassium  bichromate.     We  use  stannous  chlo- 
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ride  to  reduce  the  Fe,Clg  and  mercuric  chloride  to  take  up  the 
small  excess  of  stannous  chloride. 

The  metallic  aluminum  is  usually  obtained  by  difference,  in  our 
commercial  work,  as  we  find  that  commercial  metal  made  by 
electrolysis  of  alumina  dissolved  in  molten  fluoride  salts,  very 
rarely  contains  any  solid  impurities  other  than  silicon,  iron,  and 
copper.  In  some  cases,  we  have  found  sodium  or  potassium  pre- 
sent, which  we  have  separated  and  determined  as  in  well-known 
methods  of  analysis  for  the  alkalies  in  fire  clays. 

DETERMINATION  OP  ALUMINUM. 

The  determination  of  aluminum  in  the  commercial  metal  by 
difierence,  is  only  approximate,  for  not  only  may  there  be  alkali 
metals,  but  considerable  amounts  of  occluded  gases  present  to 
cause  erroneous  results,  as  well  as  the  errors  in  determining  the 
amounts  of  silicon,  copper,  and  iron  present. 

In  all  important  work  we  determine  the  percentage  of  metallic 
aluminum  gravi metrically  by  precipitation,  with  hyposulphite  of 
soda.     The  details  of  the  method  are  as  follows : 

I  gm.  of  aluminum  is  dissolved  in  about  25  cc.  HCl,  (35  per 
cent,  strong  acid),  and  evaporated  to  dryness.  It  is  then  redis- 
solved  in  dilute  HCl  by  boiling,  and  is  filtered  firom  silica  and 
silicon.  The  filtrate  is  diluted,  warmed,  and  saturated  with  H,S. 
CuS  is  filtered  off  and  washed  with  H,S  water.  The  filtrate  is 
boiled  till  free  from  H,S,  and  made  up  to  250  cc.  50  cc.  of  this 
solution  are  nearly  neutralized  with  NH^OH.  Then  5  cc.  of  sat- 
urated ammonium  phosphate  and  10  cc.  saturated  sodium  hyposul- 
phite are  added  and  the  solution  boiled  till  free  fi'om  SO,. 

Filter  and  wash  with  hot  water.  Redissolve  the  AIPO4  in  di- 
lute HCl,  reprecipitate  with  slight  excess  of  ammonia  and  a  little 
phosphate  and  boil. 

Filter,  wash,  ignite  in  porcelain,  and  weigh  as  AlPO^  contain- 
ing 22.36  per  cent,  aluminum. 

TITANIUM   AND  CHROMIUM   ALLOYS. 

Titanium  and  chromium  are  added  to  aluminum  to  give  hard- 
ness and  resilience  to  the  metal.  Chromium  gives  the  best  results 
for  hardness  in  castings.     Titanium  imparts  more  toughness  and 
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resilience,  and  is  added  when  the  metal  is  to  be  worked  after  being 
cast. 

DETERMINATION  OF  CHROMIUM  IN   CHROMIUM- 
ALUMINUM  ALLOY. 

2  gms.  of  chromium-aluminum  alloy  are  treated  in  a  5-inch 
porcelain  dish,  with  about  50  cc.  of  10  per  cent.  KOH  solution. 
When  action  has  slackened,  the  solution  is  boiled  up,  and  finally 
filtered.  The  washed  residue  contains  the  chromium,  together 
with  some  silicon,  silica,  iron,  aluminum  hydrate  and  titanium,  if 
present. 

Bum  oflF  the  filter  paper  in  a  porcelain  crucible ;  transfer  the 
residue  to  a  large  platinum  crucible,  and  treat  with  i  cc.  concen- 
trated HjSO^  +  5  cc.  HF.  Evaporate  to  SO,  fumes ;  add  4  gms. 
bisulphate  of  potassium  ;  cover  the  crucible  and  fuse,  for  about  20 
minutes,  at  a  low  temperature.  Finally  heat  to  a  high  tempera- 
ture over  the  blast-lamp,  to  expel  nearly  all  the  free  acid.  Cool 
a  little,  and  add  sufficient  Na,CO,  to  make  alkaline  ;  also  a  little 
KNO,,  and  fuse. 

Dissolve  in  hot  water  and  filter.  Filtrate  contains  all  the  chro- 
mium as  chromate,  together  with  some  alkali  aluminate  and  sili- 
cate. 

Decompose  the  latter  by  warming  the  solution  with  NH^Cl, 
and  filter. 

Reduce  the  chromium  in  the  filtrate,  by  sodium  sulphite  or  sul- 
phurous acid,  and  precipitate  the  chromium  as  hydroxide  by 
means  of  ammonia,  as  usual. 

Re-dissolve  the  Cr^HjO^  in  HCl ;  dilute  and  re-precipitate  with 
ammonia,  to  free  firom  alkali,  taking  the  usual  precautions  as  to 
washing  free  firom  chlorides  in  each  case. 

Weigh  as  Cr,0,. 

If  the  intermediate  fusion  with  bisulphate  is  omitted,  some 
chromium  will  not  be  oxidized. 

METHOD  OF  ANALYSES  OF  TITANIUM -ALUMINUM. 

2  gms.  of  the  alloy  in  a  porcelain  evaporating  dish  (5  inches  in 
diameter  and  covered  by  a  watch  glass)  are  dissolved  by  gradual 
addition  of  50  cc,  of  * 'potash  solution"  (100  gms.  KOH  in  one 
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liter  distilled  water).  Boil  for  10  minutes  to  insure  complete  solu- 
tion. Dilute  with  distilled  water  to  about  125  cc.  Boil  up  and 
filter  as  quickly  as  possible,  washing  ten  times  with  boiling  water. 
This  filtration  separates  the  iron  and  titanium  quite  completely  from 
aluminum.  Bum  off  the  residue  in  a  porcelain  crucible.  Crush 
it  in  an  agate  mortar,  and  mix  with  about  8  gms.  (6  gras.  first,  then 
2  gms.  later)  of  pure  bisulphate  of  potassium.  Fuse  in  a  thin- 
walled  platinum  crucible  of  about  40  cc.  capacity.  The  cover  of 
the  crucible  should  fit  well. 

During  the  first  15  minutes,  the  crucible  should  be  on  a  plati- 
num wire  triangle  over  a  small  flame  of  a  Bunsen  burner.  The 
burner  flame  should  be  protected  from  draughts  by  a  sheet-iron 
chimney,  and  the  flame  at  first  should  just  touch  the  crucible  bot- 
tom. At  intervals  of  5  minutes,  remove  the  cover,  carefully  invert 
it  (without  losing  the  drop  of  KHSO^),  and  place  it  on  a  clean 
stone  surface.  Then  give  the  contents  a  rotating  motion,  holding 
the  crucible  firmly  in  the  tongs.  At  the  end  of  15  minutes,  turn 
up  the  light  till  the  lower  one-fourth  of  the  crucible  is  red  hot ; 
agitate  fi^equently  as  before.  In  ten  minutes  more,  turn  on  flame 
full  and  heat  for  five  minutes,  with  shaking.  Cool,  add  2  gms. 
more  KHSO^,  and  gradually  bring  to  a  homogeneous  fiision,  but 
do  not  heat  long  enough  to  drive  off  much  fiiee  SO,. 

Pour  out  the  liquid  fusion  into  a  warmed  and  dry  platinum  dish  ; 
after  the  cake  cools  it  will  not  adhere  to  the  dish.  Place  it  together 
with  the  crucible  and  cover  in  a  200  cc.  beaker.  Add  150  cc.  of 
water ;  heat  to  and  keep  at  40  degrees  C. ,  with  frequent  stirrings 
until  all  soluble  matter  is  dissolved.  Filter,  rejecting  the  residue, 
if  ignition  and  treatment  with  HF  show  it  to  be  only  SiO,.  If 
it  contains  anything  more,  fiise  with  KHSO^  again. 

ESTIMATION  OF  TITANIUM. 

The  filtrate  contains  all  the  TiO,  and  Fe^O,.  Add  dilute 
NH^OH  to  slight  precipitation  not  redissolved  by  stirring.  Add 
dilute  (i  to  3)  HjSO^  until  this  precipitate  just  redissolves.  Add 
4  drops  of  concentrated  H^SO^  to  the  solution,  dilute  to  250  cc., 
and  saturate  with  sulphurous  acid  gas.  Heat  slowly  to  boiling, 
and  boil  gently  for  three-quarters  of  an  hour.  Add  a  little  strong 
SO,  water  occasionally  to  keep  the  iron  in  the  ferrous  state.     Fil- 
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ter  through  double- washed  filters,  and   wash   with   hot  water. 
Ignite  in  porcelain  crucible  over  blast-lamp. 
Weight  of  TiO,  X  .60  =  Ti. 

ESTIMATION  OF  IRON. 

In  the  filtrate  fi'om  the  TiO,,  the  Fe  is  oxidized,  precipitated 
by  NH^OH,  filtered  and  washed,  re-dissolved  in  HCl,  and  titrated 
with  bichromate.  Do  not  weigh  the  Fe^Oj  and  Al^Og  as  precipi- 
tated. Attempts  to  titrate  the  iron  in  the  sulphate  solution 
occasionally  give  results  which  are  not  accurate. 

ESTIMATION   OP  SIUCON   IN  TITANIUM-AI^UMINUM   ALI.OY. 

Silicon  is  estimated  just  as  usual,  except  that  we  use  a  little 
more  HCl  (20  cc.)  in  re-dissolving  after  evaporation  with  H^SO^. 
Under  these  conditions,  no  TiO,  remains  with  the  silica,  although 
it  is  best  to  test  it,  always,  with  HF  and  H,SO^. 


A  RAPID  DIAI.YZER. 

Bt  C.  E.  Lxnbbargbr. 

The  rapidity  of  dialysis  depends  upon  the  extent  of  the  surface 
of  the  dialyzing  membrane  and  the  difference  of  concentration  of 
the  solutions  separated  by  it.  The  two  requisites  of  an  eiEcient 
and  rapid  dialyzer  are  then  :  i,  A  dialyzing  membrane  presenting 
as  large  a  surface  as  possible  ;  2,  A  fi-equent  renewal  of  the  outer 
liquid,  so  as  to  keep  the  difference  of  concentration  as  great  as 
possible. 

The  following  apparatus  meets  these  two  requirements  very 
well,  and,  at  the  same  time,  has  the  advantage  of  consisting  of 
parts  that  can  be  found  in  any  laboratory,  no  matter  how  small  its 
equipment  may  be. 

A  funnel  of  any  size  is  fitted  with  a  fiW^r  folded  in  plaits  made  of 
parchment  paper.  The  paper,  cut  into  a  circle  of  suitable  size,  is 
first  thoroughly  wetted  with  water,  so  as  to  enable  one  to  fold  it 
evenly.  Into  the  stem  of  the  funnel  is  inserted  a  perforated  cork, 
through  which  passes  a  tube.  Over  the  lower  end  of  the  tube  is 
slipped  a  bit  of  rubber  tubing,  which  can  be  closed  with  a  pinch- 
cock.  The  solution  to  be  subjected  to  dialysis  is  put  into  the 
parchment  paper,  and  the  space  between  the  folds  of  the  paper  and 
the  glass  funnel  filled  in  with  water.     The  funnel  is  supported  in 
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the  ring  of  a  retort  stand,  and  the  whole  set  in  a  warm,  quiet 
place.  At  any  time,  when  it  may  be  judged  desirable,  by  open- 
ing the  pinch-cock  the  **difFusate*'  may  be  drawn  off,  and  then 
replaced  by  pure  water.  Thus  the  difference  of  concentration 
may  be  kept  as  great  as  possible. 

The  apparatus  may  be  made  to  work  automatically  by  a  very 
simple  contrivance,  i.  e.,  a  constant  stream  of  water  may  be  passed 
through  the  space  between  the  parchment  paper  and  the  funnel, 
which  carries  off  everything  difiused.  The  funnel  is  balanced  at 
one  end  of  a  rude  balance  beam.  A  tube  conducts  a  stream  of 
pure  water  from  a  reservoir  into  the  funnel,  i.  e.,  the  space  between 
the  funnel  and  the  parchment  paper.  This  tube  passes  around 
under .  the  balance  beam  over  an  independent  support,  so  that  if 
the  beam  be  thrown  out  of  equilibrium  from  the  funnel  and  its 
contents  becoming  too  heavy,  it  will  be  pinched  close,  and  the  flow 
of  water  will  cease.     By  letting  the  pinch-cock  closing  the  stem  of 
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A  A,  balance  beam. 

J^,  funnel. 

C,  support. 

SS,  tube  from  reservoir, 

^,  reservoir. 

B,  counter-balance. 


the  funnel  remain  a  little  open,  a  stream  of  water  of  any  degree 
of  rapidity  may  be  run  in.  As  soon  as  the  funnel  becomes  a 
little  light,  the  pressure  on  the  tube  from  the  reservoir  is  re- 
moved, and  water  flows  in.    The  apparatus,  when  once  regulated, 
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will  continue  to  work  indefinitely.  The  results  obtained  with  an 
apparatus  of  this  kind  are  very  satisfactory.  I  am  carrying  out 
some  quantitative  experiments  with  colloid  solutions  of  compounds, 
sach  as  molybdic  and  tungstic  acids,  with  a  view  to  ascertain 
exactly  the  relation  of  the  rapidity  of  dialysis  obtained  with  the 
old-fashioned  form  of  dialyzer  and  the  one  described  above. 

Chicago,  III. 


THE  USE  OF  ASBESTOS  IN  FILTRATION. 

By  W.  p.  Barba. 

In  the  usual  manner  of  determining  manganese  by  Ford's  admir- 
able method,  a  great  deal  of  time  is  used  up  in  avoiding  the  difficul- 
ties introduced  by  the  silica  present  in  the  steel  or  iron.  The  so- 
lution of  the  drillings  in  HCl,  the  expulsion  of  the  HCl  by  HNO„ 
and  the  tedious  filtration  on  the  pump,  may  all  be  avoided  by  the 
use  of  finely  divided  asbestos  in  HNO„  as  pointed  out  by  me  in 
the  filtration  of  carbon  sponge  (this  Journal  5,  596). 

The  asbestos  is  best  prepared  by  triturating  in  a  porcelain  mor- 
tar to  moderate  fineness,  washing  with  HNO„  and  may  be  kept 
suspended  in  strong  HNO,  for  use.  The  method  as  now  practised 
at  Midvale  may  readily  be  carried  through  in  forty  minutes,  and 
is  as  follows : 

5  gms.  of  steel  are  dissolved  in  80  cc.  HNO,,  sp.  gr.  1.20  and 
boiled  to  one-half  that  bulk.  75  cc.  of  strong  HNO,  are  then 
added,  and  boiled  for  about  five  minutes.more.  The  usual  portion 
of  KCIO,  is  added — about  5  gms. — and  the  solution  boiled  till  pre- 
cipitation is  efiected.  The  beaker  is  then  withdrawn  fi-om  the 
plate  and  a  quantity  of  finely  divided  asbestos  in  HNO,  is  added. 
The  solution,  when  sufficiently  cooled,  is  filtered  on  a  tight  asbes- 
tos plug,  washed  twice  with  HNO„  and  then  with  water  till  all 
acid  is  removed.  The  plug  with  the  precipitate  is  blown  back  into 
the  same  beaker,  ferrous  sulphate  added,  and  the  titration  carried 
out  as  usual. 

It  will  be  found  that  filtration  is  very  much  facilitated  by  the 
presence  of  the  fine  asbestos,  and  that  the  solution  of  the  precip- 
itate in  the  FeSO^  is  almost  instantaneous,  thus  removing  the 
difficulties  of  the  two  most  tedious  operations  of  the  method. 

Labokatoky  op  The  Midvalb  Stbbl  Company. 


VOLUMETRIC  DETERMINATION  OF  IRON  WITH 
BICHROMATE  OF  POTASH  AND 
STANNOUS  CHLORIDE. 
To  avoid  the  tedious  and  troublesome  method  of  getting  the  end 
reaction  by  adding  a  drop  of  the  solution  to  a  drop  of  ferrocyanide 
of  potassium  after  each  addition  of  bichromate,  the  author  pro- 
poses to  add  to  the  solution  of  the  ferrous  salt,  at  once,  an  excess 
of  bichromate,  and  titrate  back  with  stannous  chloride.  To  get 
the  end  reaction  he  uses  a  drop  or  two  of  iodine  and  the  same 
amount  of  starch  solution  and  claims  that  upon  adding  the  solu- 
tion of  stannous  chloride,  the  excess  of  bichromate  is  deoxidized 
first,  then  the  iodide  of  starch,  and  finally  the  ferric  chloride.  The 
disappearance  of  the  blue  color  of  the  iodide  of  starch  is  the  indi- 
cation of  the  end  reaction  showing  the  amount  of  stannous  chlo- 
ride necessary  to  reduce  the  bichromate.  On  account  of  the  pres- 
ence of  the  chromium  salt  the  liquid  does  not  become  coloriess,  but 
remains  a  bluish  green  color,  but  if  the  liquid  is  sufficiently  dilute 
the  disappearance  of  the  iodide  of  starch  color  is  sharp  and  most 
easily  seen.  The  bichromate  solution  is  prepared  by  dissolving  5 
gms.  of  bichromate  of  potassium  in  i  liter  of  water,  the  stannous 
chloride  solution  by  dissolving  6  gms,  of  pure  tin  in  hydrochloric 
acid  and  diluting  to  i  liter.  The  stannous  chloride  solution  should 
be  very  acid.  These  solutions  correspond  almost  exactly,  i  cc.  of 
stannous  chloride  reducing  i  CO.  of  bichromate. 

To  standardize  the  solutions,  take  a  measured  volume  of  the 
bichromate  solution,  add  a  drop  of  iodine  solution  and  one  of 
starch  solution  and  drop  in  the 
stannous  chloride  solution  from 
a  burette  until  the  blue  color 
of  the  iodide  of  stardi  disap- 
pears ;  this  gives  the  value  of 
the  stannous  chloride  solution 
in  terms  of  the  bichromate. 
Dissolve  a  weighed  amoiuit  of 
pure  iron  in  hydrochloric  acid 
out  of  contact  with  the  air,  di- 
lute, add  a  measured  volume 
of  bichromate  solution  sufB- 
ciently  large  to  oxidize  the  iron 
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and  have  an  excess  of  bichromate,  then  titrate  back  with  the 
stannous  chloride.  The  author  suggests  a  piece  of  apparatus  for 
keeping  the  solution  of  stannous  chloride.  The  bottle  A  contains 
the  standard  solution,  which  is  drawn  off  by  the  syphon  D.  The 
tube  E,  ending  just  below  the  stopper,  connects  the  bottles  A  and 
and  B.  B  contains  marble  in  lumps,  and  the  beaker  C  dilute  hy- 
drochloric acid.  When  by  the  action  of  the  syphon  D  a  partial 
vacuum  is  fonned  in  A,  the  acid  is  drawn  from  C  through  F\xAq 
B,  and  the  carbonic  acid  generated  produces  a  pressure  in  A  and 
B.  supplying  the  place  of  the  liquid  drawn  from  A,  and  eventually 
forcing  the  hydrochloric  acid  back  into  C. — Rodolfo  Namias,  Gazz. 
CAitn.  Hal.,  1891,  p.  473.  A.  A.  B. 


MIXER  AND  DIVIDER  FOR  ORE  SAMPLES.* 

BvH.  L-Bi»ix»"u<. 

This  apparatus  entirely  obviates  the  tedious  and  frequently  in- 
accurate methods  (usually  with  oil  cloth  and  spatula)  now  in  gen- 
eral use,  for  mixinganddividing  the  ground  samples  of  ore,  matte, 
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slag  and  other  similar  material.  An  experience  of  several  months 
has  shown  a  very  decided  improvement  in  accuracy,  speed,  and 
general  convenience  over  the  old  way. 

The  operation  is  as  follows  :  The  ground  material  is  introduced 
into  the  large,  covered  funnel,  (mixer,)  the  outlet  being  first 
closed  by  thumb  or  finger,  as  may  be  most  convenient.  Funnel 
and  contents  are  then  well  shaken  for  a  few  minutes,  and  then, 
with  opened  outlet,  passed  to  and  fi*o  over  the  set  of  distributing 
fiinnels  (divider)  and  bottles  as  shown.  With  very  finely  ground 
or  very  light  material  the  flow  may  be  assisted  by  a  slight  shaking 
or  tapping  with  the  hand.  The  little  skill  necessary  is  readily  ac- 
quired. 

The  mixer  will  also  be  found  very  useful  for  the  prompt  and 
thorough  mixing  of  crucible  assay  charges,  and  all  other  work  of 
similar  character. 

To  test  the  efficiency  of  the  mixer,  a  lot  of  6  assay  tons  of  lith- 
2irge,  3  assay  tons  of  soda  and  ^  assay  ton  of  argols  was  taken, 
well  shaken,  divided  by  weight  into  three  lots  of  3^  assay  tons 
each,  and  these  charges  fused  separately  in  crucibles.  The  re- 
sulting lead  buttons  weighed : 

53.436  gms.  53.416  gms.  53.398  gms. 


ORE  SAMPUNG  MACHINE.* 

By  H.  L.  Bridoman. 

This  machine  is  a  modification  of  the  large  machine  which  is 
doing  excellent  work.  Its  particular  field  of  usefulness  is  the  quick 
and  certain  cutting  down  of  the  miscellaneous  small  samples,  (from 
five  pounds  to  five  hundred  pounds  in  weight,)  that  are  constantly 
being  received  by  all  assay  offices.  It  will  handle  anything  firom 
the  finest  assay  pulp  to  crushed  material  of  one-half  inch  or  more 
in  size.  It  is  a  very  decided  improvement  over  any  of  the  pre- 
sent methods  of  quartering,  or  cutting  down  with  sample  shovel 
or  tin  sampler. 

Method  of  operating, — ^The  material  is  fed  either  by  hand,  or 
(with  large  lots,)  from  a  suitably  supported  bucket,  into  the  funnel 
'*F,**  the  divider  *'D"  being  first  set  in  rotation  by  hand,  clock 

*Sold  by  Fraser  &  Chalmers,  and  E.  H  Sars^ent  &  Co.,  Chicago. 
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work  or  any  convenient  power.  The  divider  gives,  as  will  be  seen 
by  inspection  of  the  drawing,  eight  cuts  to  the  revolution,  four 
being  delivered  to  the  funnel  i,  and  four  to  the  receptable  2  ;  that 
is  with  uniform  flow  and  speed,  cutting  the  material  in  half.  The 
divider  may  easily  run  100  revolutions  per  minute,  giving  in  that 
time  800  cuts,  a  very  much  greater  distribution  and  division  than 
can  be  secured  in  any  other  way.  The  rejected  sample  passes 
down  the  outlet  to  *'0  2,'*  both  into  suitable  vessels.  The  re- 
tained portion,  should  it  be  too  large,  may  be  cut  again,  and  again, 
until  of  suitable  size.  The  operation  is  very  accurate  and  very 
rapid,  being  about  as  fast  as  the  material  will  flow  through  a  one- 
inch  spout. 


TITRATION  OF  ZINC  WITH   POTASSIUM   FERROCYA- 
NIDE  IN  AN  AMMONIACAL  SOI.UTION. 

A  4  per  cent,  solution  of  copper  sulphate  is  prepared,  and  with 
this  solution  a  strip  of  filter  paper,  very  white  and  smooth,  5  cm. 
wide,  is  marked  longitudinally  by  means  of  a  hair  pencil,  and 
dried  quickly  over  the  flame.  Cross-sections  of  this  strip,  carefully 
kept  in  a  stoppered  bottle,  are  used  for  an  indicator.  A  drop  of 
the  precipitated  solution  of  zinc  let  fall  upon  the  white  end  of  such 
a  slip,  soon  travels  to  the  blue  part,  and  if  there  is  an  excess  of 
ferrocyanide,  a  red  or  reddish  streak  will  appear,  o.i  to  0.2  cc.  of 
a  decinormal  solution  of  ferrocyanide  in  100  cc.  of  ammoniacal 
water,  quickly  and  certainly  showing.  The  standard  solution  of 
ferrocyanide  is  so  adjusted  that  i  cc.  equals  0.005  &™s.  zinc.  Po- 
tassium ferrocyanide  thus  prepared  is  at  first  almost  colorless,  but 
soon  turns  to  a  gold  yellow,  and  after  a  long  time  deposits  a  small 
quantity  of  ferric  oxide.  If  the  solution,  however,  is  preserved  in 
dark  glass  bottles,  and  i  to  2  gms.  caustic  potash  per  liter  is  added, 
this  change  is  avoided. 

In  the  presence  of  manganese  and  magnesia,  the  author  uses  the 
following  method  :  2.5  gms.  of  the  ore  are  dissolved  in  hydrochlo- 
ric acid,  and  diluted  to  250  cc.  After  rinsing  a  burette  carefully 
with  some  of  this  solution,  60  cc.  are  poured  in  and  50  cc.  are  run 
out  into  a  small   flask.     10  cc.  ammonia  and  5  cc.  of  ammo- 
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nium   carbonate   solution,  (containing  5  gms.  solid  carbonate,  5 
gms.  sal-amtnoniac,  and  10  cc.  ammonia  per  100  cc.  of  the  solu- 
tion) are  added.     After  heating  until  the  dense  precipitate  settles, 
it  is  set  aside  to  cool.     Meanwhile  25  cc.  of  the  original  solution 
are  run  from  the  burette  into  a  beaker  with  10  cc.  ammonia,  and 
the  amount  of  ferrocyanide  is  determined  to  i  cc.     25  cc.  more  of 
the  original  solution  are  then  titrated  accurately.     To  the  ammo- 
niacal  solution  in  the  flask,  which  was  allowed  to  cool,  i  or  2  cc. 
of  a  ten  per  cent,  ammoniacal  sodium   phosphate  solution  are 
added,  and  after  the  manganese  and  magnesia  have  been  filtered 
off,  the  solution  is  titrated.     Manganese  may  be  titrated  by  ferro- 
cyanide, if  no  other  bodies  are  present  which  are  precipitated  by 
the  same  reagent.     For  this  determination,  a  measured  quantity 
of  a  decinormal  ferrocyanide  solution  is  mixed  with  sal-ammoniac 
and  ammonia,  and  the  faintly  acid  or  neutral  manganous  solution 
is  dropped  into  the  ferrocyanide  until  the  reaction  on  the  slip  of 
copper  sulphate  test-paper  just  ceases  to  appear. — F,  Moidenhauer, 
Chem.  News  64,  i^o)  Chem,  2^it.  and2^it,  anal.  Chem,      A.  h.  w. 


THE  QUANTITATIVE  DETERMINATION  OF 

SUI.PHUR. 

The  process  which  the  author  describes  renders  it  possible  to 
expel  the  sulphur  from  insoluble  sulphides  as  sulphuretted  hydro- 
gen, when  any  of  the  standard  methods  may  be  applied.  To  ac- 
complish this,  he  mixes  the  sulphide  with  an  excess  of  iron,  then 
heats  the  mixture  in  a  glass  combustion  tube  for  five  to  ten  min- 
utes to  dull  redness  in  a  current  of  dry  carbonic  acid,  when  the 
ferrous  sulphide,  thus  formed,  when  cold,  may  be  readily  decom- 
posed by  hydrochloric  acid.  The  iron  used  is  the  ordinary  **ferrum 
reductum,"  which  is  first  ignited  before  using  in  a  current  of  dry 
hydrogen.  A  blank  determination  is  first  made  of  the  amount  of 
sulphur  contained  in  the  reagents  used,  as  follows  : 

Three  gms.  of  iron  powder  are  put  in  a  porcelain  crucible,  which 
is  supported  upon  a  piece  of  sheet  asbestos,  having  in  the  middle 
a  hole  exactly  fitting  the  crucible.  Heat  is  now  applied  until  the 
crucible  has  been  heated  at  a  dull  redness  for  ten  minutes,  in  a 
current  of  carbon  dioxide ;  when  cold,  still  in  a  current  of  carbon 


42  DETERMINATION  OF  SULPHUR. 

dioxide,  the  crucible  is  put  into  an  Erlenmeyer  flask,  (400  cc. 
capacity)  having  a  two-holed  cork.  Through  one  opening,  passes 
the  gas  delivery  tube,  provided  with  a  small  condensation  bulb, 
above  which  it  is  bent  downwards  at  an  angle  of  15**,  so  that  its 
lower  end  reaches  below  the  bottom  of  the  flask.  Through  the 
other  hole,  passes  a  tube,  surmounted  with  a  globe  funnel  with  a 
glass  stop-cock.  The  lower  end  of  the  glass  delivery  tube  is  con- 
nected with  a  Kipp  hydrogen  apparatus,  and  a  strong  current  of 
hydrogen  is  passed  for  five  minutes,  while  the  stop-cock  of  the 
funnel  is  left  open.  The  stop-cock  is  then  closed.  Then  the  gas- 
delivery  tube  is  connected  with  a  Fresenius-Volhard  absorption 
apparatus.  The  first  of  the  vessels  is  filled  with  50  cc.  of  the 
purest  2  per  cent,  hydrogen  peroxide,  and  10  cc.  of  binormal  am- 
monia, while  the  second  contains  10  cc.  of  ammonia  of  like  strength. 
100  cc.  of  dilute  hydrochloric  acid  (i  15)  first  boiled,  are  put  into  the 
globe  funnel,  and  gradually  allowed  to  enter  the  flask.  The 
evolution  of  gas  at  once  commences,  and  is  so  regulated  by  heat, 
that  three  or  four  bubbles  pass  every  second  through  the  absorbent 
vessels.  In  from  ij^  to  2  hours,  the  evolution  is  completed  when 
a  current  of  pure  hydrogen  is  passed  for  half  an  hour  through  the 
globe  funnel  tube.  The  contents  of  the  absorbtion  apparatus  are 
poured  into  a  beaker,  covered  with  a  watch-glass,  boiled  for  fifteen 
minutes,  acidulated  with  hydrochloric  acid,  and  evaporated  to  dry- 
ness in  a  porcelain  capsule  on  the  water  bath.  A  few  drops  of 
concentrated  hydrochloric  are  added  to  the  dry  mass,  which  is  then 
dissolved  in  hot  water,  filtered  and  the  sulphur  precipitated  in  the 
filtrate  with  barium  chloride. 

In  the  actual  analysis,  a  little  of  the  iron-powder  is  first  placed 
in  the  decomposition  crucible,  then  the  substance,  then  some  more 
iron-powder,  when  the  whole  is  thoroughly  mixed  with  a  platinum 
spatula.  The  mixture  is  covered  over  with  iron-powder  and  the 
operation  is  conducted  as  in  the  blank  experiment.  This  method 
is  applicable  to  arsenio-sulphides,  but  not  to  the  technical  analysis 
of  pyrites,  as  the  sulphur  present  in  every  combination  is  deter- 
mined. In  the  case  of  arseniferous  minerals,  the  hydrogen  arse- 
nide evolved  is  passed,  after  the  removal  of  the  absorption  vessels, 
into  an  ammoniacal  solution  of  silver. — F.  P,  Treadwell,  Chem. 
News  64,  21J  ;  Berichte  24,  1937.  A.  h.  w. 


ON  THE  ESTIMATION  OF  SULPHUR.* 

By  Georoe  Craio. 

Evolution  methods,  whereby  the  substance  to  be  determined  is 
first  of  all  eliminated  as  a  gas  £rom  the  material  under  examina- 
tion, must  always  be  more  satisfactory  than  gravimetric  methods, 
although  no  greater  degree  of  accuracy  is  attained  thereby.  Such, 
for  instance,  is  the  estimation  of  NH,  by  liberation  with  alkali, 
with  subsequent  condensation  and  titration  with  standard  acid. 

Sulphur,  when  it  exists  as  monosulphide,  decomposable  by  HCl, 
is  certainly  best  determined  after  expulsion  as  HjS. 

Pig-iron  and  steel,  even  when  containing  Cu,  yield  all  their  S 
as  H,S  on  treatment  with  HCl,  which,  as  I  proposed  in  1881, 
ma3r  be  completely  oxidized  to  SO,  by  passing  the  gases  through 
ammoniacal  H,0,. 

In  blast-furnace  slags  the  S  exists  wholly  as  CaS,  which,  it 
must  be  borne  in  mind,  readily  oxidizes  when  the  finely  ground 
slag,  especially  from  hematite  iron,  is  kept  for  any  time.     The 
only  correct  method  whereby  it  can  be  estimated,  unless  with  the 
expenditure  of  much  time  and  labor,  is  by  decomposing  the  slag 
with   HCl  and  estimating  the  S  in  the  H^S  evolved.     For  this 
purpose,  I  use  the  apparatus  shown  in  Fig.  i,  which  scarcely 
needs  explanation.     20  gms.  of  finely  ground  slag  is  heated  with 
I  oz.  of  boiled  water,  and  the  air  expelled  from  the  flask  by  a  cur- 
rent of  coal-gas  which  has  been  passed  through  a  mixture  of  KHO 
and  H,0,  in  the  Leibig's  bulbs  shown.     When  boiling  agitate  so 
that  the  slag  is  all  in  suspension,  and  add  HCl  by  means  of  the  3- 
way  stop-cock,   continuing  the  a^tation   until   the  slag  is  all 
decomposed,   which   takes   place   in   a  few  seconds ;    boil,   and 
pass  a  current  of  the  purified  coal-gas  through  the  apparatus  with 
the  aid  of  the  aspirator.     The  nitrogen  bulb— containing  100  gms. 
H,0,,  200  gms.  NH^HO — is  preferably  made,  as  in  the  figure,  by 
cutting  the  escape-tube  nearly  at  the  bulb,  widening  the  orifice, 
introducing  some  glass  beads,  and  connecting  with  india  rubber 
tubing  as  shown.     The  contents  of  the  nitrogen  bulb  are  washed 
into  a  small   beaker,  heated  to  boiling,  acidified,  and  the  SO, 
determined  as  BaSO^  as  usual. 

•Chcm.  News  64,  266. 
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THE   ESTIMATION  OF  SULPHUR. 


It  is  now  more  than  a  year  since  it  occured  to  me  that  compound 
sulphides,  such  as  pyrites,  etc.,  might  be  made  amenable  to  this 
evolution  process  also,  by  the  simple  preliminary  operation  of 
heating  with  zinc  dust,  and  so  reducing  to  the  state  of  monosul- 
phides.  In  a  recent  number  of  the  Chemical  News  there  is  a  trans- 
lation from  the  Berichte  of  an  almost  identical  process ;  *  but  as  re- 
duction with  zinc  is  very  much  simpler,  a  description  of  the  method 
I  employed  may  be  of  interest. 


Fia»  I. 


Pm.  t. 


Pia  |. 


Ordinary  zinc-dust,  after  passing  through  a  fine  sieve,  is  heated 
to  redness  to  expel  moisture  and  occluded  hydrogen,  and  allowed 
to  cool  out  of  contact  with  air ;  a  tube  of  Bohemian  glass  closed 
at  one  end  suits  admirably  for  this  purpose. 

lo  or  20  gms.  of  the  pyrites  in  fine  powder  are  weighed  into  a 
small  ignition  tube  of  Bohemian  glass  (2  inches  long  by  %  inch 
diameter),  then  five  times  its  weight  of  zinc-dust  added,  intimately 

•See  Preceding  Article. 
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mixed  with  a  platinum  wire,  the  surface  leveled  by  tapping  gently, 
and  covered  with  a  layer  of  zinc-dust.  A  stout  glass  rod,  about 
8  inches  long,  has  one  end  flattened  out  into  a  disc  that  enters 
easily  into  the  little  decomposing  tube.  This  is  introduced  until 
the  disc  rests  lightly  on  the  covering  layer  of  zinc-dust,  and  the 
upper  portion  of  the  tube  is  packed  with  asbestos  yam  firmly 
enough  to  enable  the  glass  rod  to  serve  as  a  support  (Fig.  2). 
The  tube  and  contents  is  then  revolved  over  an  argand  flame  until 
thoroughly  heated,  and  then  over  a  Bunsen  flame.  In  a  few  sec- 
onds bright  incadescence  takes  place,  and  after  maintaining  at  a 
red-heat  for  thirty  seconds  longer  it  is  withdrawn  gradually,  revolv- 
ing all  the  while,  and  then  allowed  to  cool. 

When  carried  out  in  this  manner  practically  no  sulphate  is  re- 
duced, but  when  maintained  at  a  red-heat  for  5  to  10  minutes  all 
sulphates  are  reduced.  Apropos  of  sulphates  in  pyrites,  I  have 
not  seen  it  recorded  that  a  considerable  amount  of  pyrites  may  be 
oxidized  while  grinding  the  sample  in  the  agate  mortar ;  in  the 
dark  a  red  glow  follows  the  track  of  the  pestle. 

After  withdrawing  the  support  and  asbestos  packing,  the  tube  is 
dropped  into  a  4-oz.  conical  flask  with  side-tube,  connected  with 
condenser  and  U-tubes,  as  shown  in  Fig.  3.  The  first  U-tube  con- 
tains CaCl,,  and  the  second  is  filled  with  glass  beads  and  contains 
100  gms.  of  NaHO  solution  (1000  gms.  NaHOand  1500  gms.  water). 
I  oz.  boiled  water  is  added,  and  a  current  of  purified  coal-gas  passed 
through  the  apparatus.  Heat  is  applied  and  the  HCl  gradually  run 
in  until  decomposed,  contents  boiled,  and  apparatus  washed  out 
with  a  current  of  gas.  I  preferred  to  estimate  the  H,S  by  washing 
out  the  U-tube  (without  removing  stoppers)  into  a  beaker,  adding 
excess  of  FeCl,,  agitating,  acidifying  with  HCl  delivered  at  bottom 
of  liquid  by  means  of  a  pipette,  heating  until  all  FeS  decomposed, 
and  titrating  with  bichromate.  The  ideal  process  would  be  to' ac- 
curately weigh  the  NaHO  solution  and  titrate  after  absorption 
with  add,  using  an  indicator  neutral  to  NaHS  or  Na,S.  The  ar- 
senic I  found  vjras  completely  expelled,  so  that  not  a  trace  could 
be  detected  in  the  combined  residues  from  a  number  of  experi- 
ments. 

LuGAX.  Iron  Works,  Cumnock,  N.  B., 
November  19,  1891. 


THE  DETECTION  AND  DETERMINATION  OF  POTAS- 
SIUM SPECTROSCOPICALLY.* 

By  p.  a.  Gooch  AiTD  T.  S.  Hart. 

Bunsen  and  Kirchboff  originally  determined  the  delicacy  of  the 
spectroscopic  test  for  potassium  by  exploding  in  a  darkened  room 
a  mixture  of  potassium  chlorate  with  milk  sugar,  and  observing 
the  amount  of  finely  divided  chloride  which  it  was  necessary  to 
diffuse  through  the  given  space  in  order  to  bring  out  unmistakably 
the  spectrum  of  the  metal.  These  investigators  were  able  to  state 
that  the  presence  of  no  more  than  ~^  of  a  milligram  of  the  potas- 
sium salt  is  sufficient  to  give  to  the  flame  the  characteristic  spec- 
trum of  the  element.  By  similar  methods,  the  delicacy  of  the 
tests  for  lithium  carbonate  and  sodium  chlorate  were  shown  to  be 
a  thousand  times  and  three  thousand  times  as  delicate  respectively. 
Practically,  the  detection  of  lithium  and  sodium  spectroscopically 
is  extremely  easy  and  satisfactory,  the  only  difficulty  being  that 
the  exceeding  delicacy  of  the  sodium  test,  and  the  ubiquitousness 
of  sodium  salts  often  make  a  decision  doubtful  as  to  whether  that 
element  is  present  essentially  in  the  substance  under  examination, 
or  by  accident.  With  potassium  the  case  is  different,  and  experi- 
ence shows  that,  when  the  test  is  to  be  made  for  very  small  amounts 
of  potassium,  the  simple  method  in  vogue  for  developing  the  lumi- 
nosity of  lithium  and  sodium — the  dipping  of  a  single  loop  of 
platinym  wire  in  the  liquid  or  solid  substance,  and  the  placing  of 
the  loop  in  the  Bunsen  flame — fails,  because,  as  it  seems  to  us,  so 
great  a  proportion  of  the  material  is  dispersed  before  the  heat  of 
the  flame  efiects  the  dissociation  of  the  metal  which  precedes  the 
production  of  the  spectrum. 

We  have  endeavored  to  improve  the  conditions  of  exposure  of 
the  test-substance  by  making  use  of  more  powerful  flames  and  by 
substituting  for  the  single  loop  the  hollow  coils  of  platinum  wire 
first  recommended,  so  far  as  has  come  to  our  knowledge,  by  Tru- 
chotf  in  the  description  of  a  method  for  the  quantitative  determi- 
nation of  lithium.  Such  coils  are  easily  made  by  winding  the 
wire  somewhat  bbliquely  about  a  rod  of  suitable  size,  pressing  the 
coils  close  together,  and  gathering  the  free  ends  in  a  twisted  han- 

•Am.  Jour.  Sci.,  Dec.  1891. 
fCompt.  Rend.  78,  1022. 


SPECTROSCOPIC    DETERMINATION   OP  POTASSIUM. 


47 


die.  The  size  of  the  coils  is  adjustable  without  diflSculty,  so  that 
each  coil  may  be  made  to  hold  almost  exactly  any  appropriate 
amount,  and  to  take  up  this  amount  with  very  little  variation  in 
successive  fillings,  provided  only  that  the  precaution  be  taken  in 
the  process  of  filling  to  plunge  the  coil  while  hot  into  the  hquid, 
and  to  keep  its  axis  inclined  obliquely  to  the  surface  of  the  liquid 
while  withdrawing  it.  How  closely  the  capacity  of  such  coils 
may  be  adjusted,  and  how  uniformly  they  may  be  filled,  is  shown 
in  the  figures  of  the  accompanying  record. 


I. 

II. 

III. 

IV. 

V. 

VI. 

Cms. 

Gms. 

Cms. 

Cms. 

Cms. 

Cms. 

Weight  of  filled  coil  .  .  . 

0.1996 

0.2780 

0.2794 

0.2844 

0.3572  ;  0.3296 

(1            f  4 

0.1996 

0.2780 

0.2794 

0.2845 

0.3571 

0.3296 

II             CI 

0.1996 

0.2780 

0.2794 

0.2844 

0.3572 

0.3298 

IC             (( 

0.1996 

0.2780 

0.2794 

0.2845 

0.3271 

0.3298 

(«             11 

0.1996 

0.2781 

0.2794 

0.2844 

0.3571 

0.3296 

•*  empty  coil  .  . 

0.1986 

0.2760 

0.2764 

0.2804 

0.3521 

0.3100 

•  •  contents  (mean) 

O.OOIO 

0.00202 

0.0030 

0.00404:  0.00504 

i 

0.01968 

It  is  plain  that  we  have  in  these  coils  simple  means  of  taking 
up  known  amounts  of  material  in  solution  ;  and  by  gentle  heating 
the  liquid  may  be  evaporated  and  the  solid  material  left  thinly  and 
uniformly  spread,  not  easily  detachable,  and  so  in  condition  to  be 
acted  upon  with  eflFect  when  brought  to  the  flame.     The  evapora- 
tion may  be  conducted  with  little  danger  of  loss  of  material  by 
holding  the  handle  of  the  coil  across  the  flame  with  the  coil  proper 
at  a  safe  distance  outside ;  but  we  have  generally,  and  preferably, 
used  a  hot  radiator  over  which  the  coils  are  exposed,  the  handles 
resting  upon  a  flat  asbestos  ring.     The  burner  which  we   have 
used  in  heating  the  coils  before  the  spectroscope  is  of  the  Muencke 
pattern  and  gives  a  powerful  flame  3  cm.  wide  at  its  base.     We 
have  generally  adjusted  the  flame  to  a  height  of  20  cm.,  and  have 
introduced  the  coil,  after  thorough  drying,  just  within  the  outer  man- 
tle, on  the  side  next  the  spectroscope,  with  the  axis  transverse  to  the 
slit  of  the  spectroscope  and  the  handle  across  the  body  of  the  flame. 
In  cleaning  the  coils  we  have  found  it  convenient  to  heat  them  in 
the  flame  of  an  Argand  burner  of  the  Fletcher  pattern,  beneath 
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which  is  burned,  in  a  small  lamp,  alcohol  containing  about  a 
twentieth  of  its  volume  of  chloroform.  The  products  of  combus- 
tion of  the  alcohol  and  chloroform  are  conveyed  to  the  interior  of 
the  flame  above  by  a  glass  funnel  fitted  by  a  cork  to  the  tube  of  the 
Argand  burner.  This  arrangement  of  apparatus  gives  a  hot  color- 
less flame  through  which  hydrochloric  acid  is  constantly  difiused 
in  condition  to  dean  the  wires  completely  and  without  attention. 
The  spectroscope  which  we  have  employed  is  a  well-made  single 
prism  instrument  provided  with  a  scale,  and  a  movable  observing 
telescope  so  that  difierent  portions  of  the  spectrum  may  be  viewed 
or  cut  off"  at  will.  The  slit  is  adjustable,  but  for  measuring  its 
width  we  have  been  obliged  to  have  recourse  to  the  device  of 
closing  it  upon  wires  of  known  gauge.  Our  work  has  been  done 
in  the  ordinary  difiused  light  of  the  laboratory,  care  having  been 
taken  to  cut  off"  from  the  room  direct  sunlight  only ;  but  in 
observing  it  has  been  our  custom  to  shield  the  eye  in  use  as  com- 
pletely as  possible  with  the  hand  or  with  a  dark  handkerchief,  and 
to  cover  the  eye  not  in  use.  We  have  found  it  desirable  to  use 
the  scale  of  the  instrument,  illuminated  to  the  lowest  degree  of 
visibility,  to  aid  the  eye  in  placing  barely  visible  lines. 

Upon  experimenting  with  the  apparatus  described,  it  was  found 
that  the  largest  coil  used  was  best  adapted  to  our  purpose,  and, 
accordingly,  in  all  the  experiments  made  subsequently,  and  re- 
corded in  the  following  accounts,  coils  holding  -^  of  a  gm.  of  water 
measuring  2  mm.  in  diameter  by  i  cm.  in  length,  made  of  No.  28 
wire  (0.32  mm.  in  diameter),  and  wound  in  about  thirty  turns, 
were  the  ones  employed.  With  these  coils  and  the  fiame  adjusted 
to  a  height  of  20  cm.  we  have  been  able  to  recognize  the  presence 
of  potassium,,  taken  in  the  form  of  the  chloride,  in  a  coil-full  of 
liquid  containing  0.00066  gm.  of  the  metal  in  10  cc,  when  the 
slit  had  a  width  of  0.18  mm. ;  and  containing  0.0005  S^-  i^  the 
same  volume  of  solution,  when  the  slit  was  set  0.23  mm.  wide. 
That  is  to  say,  -~  mg.  of  potassium  to  the  coil-full  produces  a  line 
distinctly  visible  with  a  slit  of  0.18  mm.,  and  ^  mg.  with  a  slit 
of  0.23  mm.,  and  it  is  evident  that  this  practical  method  of  pro- 
ducing the  spectrum  of  potassium  gives  results  of  a  delicacy  ap- 
proaching that  indicated  in  the  experiments  of  Bunsen  and  Kirch- 
hoff. 
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These  determinations  were  made  with  pure  potassium  chloride 
carefully  prepared  from  the  chlorate,  but  in  practical  analysis  it 
almost  always  happens  that  sodium  is  also  present.  Experiments 
were  therefore  made  to  determine  the  influence  of  varying  amounts 
of  the  latter  upon  the  visibility  of  the  potassium  line.  The  dilu- 
tion of  the  potassium  chloride  was  adjusted  nearly  to  the  last 
limit  of  visibility,  so  that  a  coil-full  of  the  liquid  should  contain 
-^  mg.,  or  ^  mg.  of  the  element,  according  as  the  slit  was  0.18 
mm.  or  0.23  mm.  wide;  to  this  solution  were  added  weighed 
amounts  of  pure  sodium  chloride  twice  repredpitated  and  washed 
by  hydrochloric  acid  ;  and  the  spectroscopic  tests  were  carried  out 
as  before,  the  sodium  line  being  kept  within  the  field  of  view  with 
the  potassium  line. 
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It  is  obvious  from  these  results  that  a  considerable  amount  of 
sodium  may  be  present  in  the  flame,  when  the  sodium  line  is  in 
full  view  in  the  spectrum,  and  the  slit  adjusted  to  nearly  the  low- 
est limit  of  visibility  of  pure  potassium,  without  interfering  with 
the  appearance  of  the  potassium  line;  but  that  a  quantity  of  sodium 
amounting  to  a  hundred  times  that  of  the  potassium  is  sufficient 
to  entirely  overpower  the  spectrum  of  the  potassium.  The  infer- 
ence is  plain  that  the  proportion  of  sodium  to  potassium  should 
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not  be  permitted  to  reach  loo  :  i  when  it  is  desirable  to  bring  out 
the  full  delicacy*  of  the  spectroscopic  test  with  the  sodium  line  in 
the  field  of  view.  When  too  great  a  proportion  of  sodium  is  pres- 
ent, its  influence  may  be  moderated  by  throwing  the  sodium  line 
out  of  view,  if  the  instrument  in  use  possesses  the  necessary  adjust- 
ment ;  otherwise,  it  is  easy  to  effect  a  partial  separation  of  the  sodium 
chloride  from  the  potassium  chloride,  before  bringing  the  solution 
to  the  test,  by  precipitating  with  alcohol.  Our  experience  shows 
that  the  delicacy  of  the  test  for  potassium  is  not  impaired  materi- 
ally by  such  treatment  of  the  mixed  chlorides.  We  found,  for 
example,  that  0.0070  gm.  of  potasium  chloride  mixed  with  0.5 
gm.  of  pure  sodium  chloride,  dissolved  in  the  least  amount  of  water, 
and  extracted  carefully  by  about  7  cc.  of  absolute  alcohol  applied 
in  successive  portions,  was  so  completely  retained  in  solution  and 
separated  from  sodium,  that  a  coil  full  taken  fi'om  the  solution  di- 
luted to  140  cc.  gave  the  spectroscopic  test  for  potassium  dis- 
tinctly with  the  slit  at  0.23  mm.  In  this  case,  at  least,  the  treat- 
ment did  not  diminish  the  delicacy  of  the  test ;  for,  a  coil-full  of 

the  diluted  solution  could  not  have  contained  more  than  -^  mcr. 

1000     ** 

of  potassium,  if  nothing  had  been  lost.  It  was  found,  in  like  man- 
ner, that,  by  taking  pains  to  evaporate  the  alcoholic  extract,  and 
to  dissolve  the  residue  in  a  drop  of  water,  o.oooi  gm.  of  potassium 
originally  present  as  the  chloride  with  0.5  gm.  of  sodium  chloride 
was  easily  found.  By  turning  the  observing  telescope  so  as  to 
cut  off  as  completely  as  possible  the  sodium  light  we  were  able  to 
detect  potassium  in  four  successive  tests  of  a  drop  of  the  final  solu- 
tion which  was  just  large  enough  to  fill  the  coil  four  times,  when 
the  original  amount  of  potassium  present  with  0.5  gm.  of  sodium 
chloride  was  o.ooooi  gm.  This  is  equivalent  to  detecting  ~  mg. 
of  potassium  in  a  drop  large  enough  to  fill  the  coil  once.  We 
were  assured  of  the  entire  absence  of  potassium  from  the  sodium 
chloride  which  we  used  by  the  fact  that  the  similar  extraction  of 
I  gm.  of  the  salt  by  alcohol  left  a  residue  which  yielded  no  line  of 
potassium  when  examined  spectroscopically.  It  is  perhaps  worth 
noting  in  passing  that  the  coil  may  be  made  to  pick  up  a  drop  of 
a  size  only  sufficient  to  fill  it  by  simply  touching  the  coil  while 
hissing  hot  to  the  drop. 

Certain  experiments  in  which  the  method  of  manipulation  which 
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'we  have  described  was  applied  to  the  determination  of  potassium 
salts  other  than  the  chloride  indicated  that  the  test  is  less  delicate 
in  the  case  of  the  sulphate,  and  rather  more  delicate  in  the  case  of 
the  carbonate.     We  were  able  to  find  the  red  line  of  potassium 
unmistakably,  when  only  ^  of  a  milligram  of  potassium  was  in- 
troduced into  the  flame  in  the  form  of  the  carbonate. 

The  quantitative  determination  of  potassium  by  the  spectroscope 
has  never,  so  far  as  we  know,  been  accomplished  heretofore.     So- 
dium appears  to  have  been  successfully  estimated  by  Champion, 
Pellet  and  Grenier*  by  the  use  of  comparison  flames,  produced  by 
the  aid  of  complex  mechanism,  and  a  spectro-photometer  of  origi- 
nal construction.     Lithium  has  been  determined  more  simply, 
Truchotf  having  been  the  first  to  suggest  a  method  of  manipula- 
tion which  was  modified  by  Ballmann];  and  taken  up  later  by 
Bell§  apparently  without  knowledge  of  the  previous  work  on  the 
same  line.     Truchot's  method  consists  in  comparing  the  duration 
and  strength  of  the  spectral  lines  developed  by  exposure  to  the 
Bunsen  flame  of  portions  taken  up  in  a  platinum  loop  from  the 
test-solution  and  standard  solutions  of  diflerent  strengths.     No 
analytical  proofe  of  the  value  of  the  method  were  given  and  accur- 
acy was  not  claimed  beyond  the  recognition  of  differences  of  from 
three  to  four  milligrams  in  a  liter  of  Uquid  when  amounts  not  ex- 
ceeding forty  milligrams  per  liter  were  compared.     Ballman  dis- 
cards as  valueless  the  observation  of  the  spectral  line,  advocates 
the  dilution  of  the  test  and  standard  solutions  to  the  absolute  ex- 
tinction of  the  line,  and  employs  hollow  cones,  measuring  2.5  mnf. 
^y  3-5  mm.,  to  carry  the  liquids  to  the  flame.     Bell  follows  Ball- 
man's  method  of  diluting  the  solutions  to  be  compared  to  a  com- 
mon   condition,   but    takes    the    vanishing    point    of  the    line 
instead  of  the  point  of  absolute  invisibility  and  makes  his  loops  of 
platinum  very  small.     Both  Ballman  and  Bell  were  able  to  esti- 
mate thallium  similarly,  but  neither  determined  potassium.  Bell 
declaring  specifically  that  the  method  is  inapplicable  to  the  hand- 
ling of  that  element. 
Our  success  in  determining  potassium  qualitatively  by  the  use 

*Compt.  Rend.,  Izxvi,  707. 
fCompt.  Rend.,  Ixzviii.  1023. 
XZeitschr.  fUr  anal.  Chem.,  xiv,  297. 
iAm.  Chem.  Jour.,  vii,  35. 
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of  powerful  flames  and  coils  of  large  dimensions  was  such  as  to 
encourage  the  attempt  to  apply  quantitatively  the  same  method  of 
manipulating  ;  and  from  certain  preliminary  experiments  looking 
in  this  direction  we  found  it  best,  for  our  purpose  at  least,  to  fall 
back  upon  Truchot's  method  of  comparing  visible  lines,  rather 
than  to  try  to  fix  the  vanishing  point  or  the  point  of  extinction  of 
the  spectral  line.  We  chose  a  dilution  of  the  standard  solution 
which  corresponds  to  the  presence  of  - "-  mg.  of  potassium  to  the 
coil-full,  and  set  the  slit  at  a  width  of  0.23  mm.,  having  found  it 
most  advantageous  to  work  with  lines  for  comparison  bright 
enough  to  be  visible  without  much  effort.  Our  mode  of  pro- 
ceeding is  to  dilute  the  test  solution  until  the  line  given  by  the 
potassium  contained  in  a  coil-fiiU  is  of  the  same  brightness  as  that 
given  by  the  same  quantity  of  the  standard  solution.  From  the 
final  volume  of  the  test  solution  the  quantity  of  potassium  present 
in  it  is  directly  calculable  ;  for,  since  any  given  volume  of  the 
test  solution  at  its  final  dilution  contains  exactly  the  same  amount 
of  potassium  as  the  same  volume  of  the  standard  solution,  we  have 
only  to  multiply  the  number  expressing  the  volume  in  cubic  cen- 
timeters of  the  the  test  solution  by  the  weight  in  gms.  of  the  po- 
tassium contained  in  one  cubic  centimeter  of  the  standard  in  order 
to  obtain  the  weight  in  gms.  of  potassium  in  the  whole  test  solu- 
tion. We  found  it  convenient  to  use  several  coils  adjusted  to  the 
same  capacity,  and  to  dean,  fill,  dry  and  ignite  them  before  the 
spectroscope  in  the  manner  previously  described.  From  time  to 
time  the  capacity  of  the  coils  should  be  readjusted,  or  else  the  final 
comparison  tests  should  be  made  with  a  single  coil.  It  is  essen- 
tial that  the  eye  of  the  observer  should  be  kept  as  nearly  as  possi- 
ble in  the  same  condition  of  sensitiveness  and  in  the  same  position 
in  making  the  comparisons,  and  to  accomplish  this  end  we  found 
it  best  to  hold  the  eye  at  the  observing  telescope  during  the  entire 
intervals  between  the  exposures,  to  shade  it  carefully  by  the  hand, 
or  otherwise,  to  cover  the  eye  not  in  use,  to  cut  off  all  direct  sun- 
light from  the  work-table  (though  the  diffused  light  of  the  room  is 
not  objectionable),  and  to  light  the  comparison  scale  of  the  spectro- 
scope to  the  faintest  possible  visibility  in  order  to  fix  exactly  the 
position  in  which  the  line  is  to  be  sought.  It  is  important,  too, 
that  the  trials  of  the  test  and  standard  should  come  as  closely  to- 
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getber  as  possible  in  point  of  time.     The  observations  of  a  series 
should  be  made  by  the  same  individual,  the  preparation  and  ex- 
posure of  the  wires  being  made  by  another.     It  is  not  possible  to 
attain  the  best  results  in  such  work  single  handed.     The  dilution 
of  the  test  solution  is  made  conveniently,  and  with  sufficient  ac- 
curacy, in  loo  cc.  cylinders  graduated  to  half  cubic  centimeters, 
the  mixture  being  made  thorough  by  passing  the  solutions  from 
vessel  to  vessel.     It  is  often  advantageous  to  divide  a  liquid  which 
is  to  be  diluted  and  to  work  with  aliquot  portions,  so  that  it  may  be 
possible  to  retrace  a  step  without  trouble  in  case  a  portion  of  the 
solution  has  been  unwittingly  diluted  too  much  ;  such  a  mode  of 
proceeding  is,  of  course  necessary  when  the  final  dilution  must 
exceed  loocc.,  unless  large  graduates  are  called  into  use.     Ex- 
cepting the  cases  of  very  concentrated  solutions,  no  significant  loss 
of  material  is  occasioned  by  the  filling  of  the  coils,  the  error  thus 
introduced  being  trivial  in  comparison  with  that  inherent  in  all 
photometric  processes.     The  following  is  the  record  of  our  exper- 
ience in  the  comparison  of  solutions  of  pure  potassium  chloride, 
the  strength  of  the  test  solution  being  unknown  to  the  observer. 


Experiment  /. 


Volume  of 
Test  Solution. 


20  CC. 

c 


50 

100 
no 
120 

150 

200 
160 

150 


Characteristic  of  Line 

Compared 

with  Standard. 


stronger 
stronger 
stronger 
stronger 
stronger 

like 
weaker 
weaker 

like 


Experiment  II, 


Volume  of 
Test  Solution. 


30  CC. 

60  *' 

82  " 

70  " 

76  " 

78  " 
80 


<( 


Characteristic  of  Line 

Compared 

with  standard. 


Stronger 
stronger 
weaker 
stronger 
stronger 
stronger 
like 


(150  X  o.oooi  =  0.0150) 
Potassium  found  ....  0.0150  gm. 
"         taken  ....  0.0150  •* 

I^imits  on  either  side  {°;°J|^  I! 

Error 0.0000  " 


^80  X  0.0001  =  0.0080) 
Potassium  found  .   .    .    .  0.0080  gm. 
taken  ....  0.0080   ** 

Limits  on  either  side  -j  q'2^2   '* 
Error 0.0000   " 


These  results  show  a  degree  of  accuracy  in  the  process  quite  un- 
expected.     In  the  former  no  attempt  was  made  to  approximate  as 
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closely  as  possible  to  the  limits  of  dilution  on  both  sides  of  the 
condition  of  equal  brightness  in  test  and  standard,  but  in  the  latter 
great  care  was  taken  in  this  respect  and  the  possible  error  cannot 
exceed  two  and  a  half  per  cent  of  the  entire  amount  of  potassium 
involved. 

Experiment  III  was  made  to  discover  the  effect  of  the  presence 
of  a  reasonable  amount  of  sodium  chloride  upon  the  determination 
of  the  potassium.     To  a  portion  of  the  solution  of  pure  potassium  1 

chloride  containing  o.oi  gm.  of  the  element,  was  added  o.i  gm.  of 
soditmi  chloride  taken  from  the  salt  purified  as  previously  described. 
This  solution  was  diluted  and  the  comparison  made  with  the 
standard  according  to  the  accompanying  account. 

Experiment  III, 


Volume  of  the  Test  Solution. 

characteristic  of  Line  Compared 
with  Standard.  • 

25  cc. 

stronger 

50    '• 

stronger 

80    " 

stronger 

90    ** 

stronger 

95   " 

stronger 

105   "      ■ 

stronger 

120   " 

like 

(120  X  o.oooi  =  0.0120) 

Potassium  found 0.0120  gm. 

**  taken o.oioo   " 

Error 0.0020   ** 

The  result  of  this  experiment  was  most  surprising ;  for,  instead 
of  diminishing  the  delicacy  of  the  test  we  find  that  the  presence  of 
a  moderate  amount  of  sodium  chloride  tends  to  increase  the  brill- 
iance of  the  potassium  line.  The  sodium  chloride  employed  was  a 
part  of  that  prepared  and  tested  as  previously  described  and  used 
in  the  experiments  upon  the  qualitative  determination  of  potassium. 
By  no  possibility  could  the  o.i  gm.  of  it  taken  in  the  experiment 
have  contained  more  than  o.oooooi  gm.  of  potassium.  It  is  evi- 
dent, therefore,  that  the  brilliance  of  the  potassium  line  gained 
twenty  per  cent,  in  strength  by  the  influence  of  sodium  chloride 
amounting  to  ten  times  the  weight  of  the  potassium  present  when 
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the  effect  due  to  impurity  of  the  salt  could  by  no  means  exceed  a 
hundreth  of  one  per  cent. ;  that  is  to  say,  the  observed  effect  is,  at 
the  very  least,  two  thousand  times  greater  than  that  which  might 
have  been  conceivably  produced  by  contamination  of  the  sodium 
salt. 

In  the  following  experiment  the  effect  of  varying  amounts  of 
sodium  chloride  upon  the  spectrum  of  the  potassium  is  shown. 
The  sodium  line  was  turned  out  of  the  field  of  view  to  obviate  the 
dazzling  effect  of  the  sodium  light,  and  a  solution  of  potassium 
chloride  containing  o.oi  gm.  of  the  element  in  loo  cc.  was  exam- 
ined spectroscopically  after  the  addition  of  successively  increasing 
amounts  of  sodium  chloride,  the  strength  of  the  line  observed  being 
brought  into  comparison  with  that  produced  by  similar  portions  of 
the  potassium  solution  containing  no  Sodium. 


^         1 

8      v_ 

Sodium  Chi 
ride  in  A 
Coil-ftill. 

Potassium 

in  a 
Coil-full. 

Ratio  of 
NaCl  :  K. 

Width  of 
Slit. 

Characteristj 

of  I^ine 

Compared 

with  standai 

Containing 

no  NaCl. 

Mg. 

Mr. 

Mm. 

0.002 

0.002 

I  :  I 

0.18 

like 

O.OIO 

0.002 

5  -.1 

0.18 

like 

0.020 

0.002 

10  :  I 

0.18 

a  little  stronger 

0.040 

0.002 

20  :  I 

0.23 

much  stronger 

0.200 

0.002 

100  :  I 

0.23 

very  much  stronger 

0.400 

0.002 

200  : 1 

0.23 

much  stronger 

0.600 

0.002 

300  :  I 

0.23 

much  stronger 

From  this  it  appears  that  the  maximum  strengthening  effect  oc- 
curs when  the  sodium  chloride  stands  to  the  potassium  in  the  ratio 
of  100 : 1.  The  apparent  diminution  of  brilliance  when  the  sodium 
is  increased  beyond  that  proportion  is  doubtless  due  to  the  effect 
of  the  strong  light  diffused  through  the  field  of  view  by  the 
intensely  bright  sodium  flame  in  spite  of  the  fact  that  the  line  it- 
self is  cut  off  from  direct  vision. 

The  cause  of  the  brightening  effect  of  the  sodium  chloride  we  are 
inclined  to  attribute  to  the  chemical  action  of  the  sodium  disso- 
ciated in  the  flame.     The  effect  of  ammonium  chloride,  and  of  hy- 
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drcx^hloric  acid,  in  destroying  the  potassium  light  is  well  known, 
and  is  due,  presumably,  in  very  large  degree  to  the  prevention  of 
the  dissociation  of  the  potassium  chloride.  The  dissociated  sodium 
should  naturally  by  its  mass-action  reinforce  the  disintegrating  ac- 
tion of  the  heat  upon  the  molecule  of  potassium  chloride. 

It  is  plain  that  the  complication  introduced  into  the  quantitative 
spectroscopic  determination  of  potassium  by  the  presence  of  the  so- 
dium salt  in  the  test  can  be  obviated  if  it  can  be  brought  about 
that  both  the  test  and  the  standard  solution  shall  contain  the  same 
amount  of  the  reagent.  It  is  a  matter  of  interest,  therefore,  to  dis- 
cover whether  it  is  possible  to  match  sodium  lines  of  considerable 
intensity  so  closely  that  the  quantities  of  that  element  in  solutions 
brought  into  comparison  shall  be  practically  equal,  and  so  may  be 
relied  upon  to  give  the  same  strengthening  effect  to  the  potassium 
spectrum.  The  following  statement  is  the  record  of  an  attempt  in 
this  direction.  The  narrower  slit  was  found  to  be  best  adopted  to 
the  comparison  of  the  sodium  lines. 


NaCl  in  a  Coil-futI  of 
New  Solution. 

NaCl  in  a  Coil-full  of 
Standard. 

Width  of  Slit. 

Characteristic  of  Line 

as  Compared  with 

that  01  Standard. 

Mr. 

O.OIO 
0.017 
0.019 
0.020 

Mr. 

0.02 
0.02 
0.02 
0.02 

Mm. 

0.18 
0.18 
0.18 
0.18 

weaker 

weaker 

weaker 

like 

The  result  shows  the  possibility  of  matching  the  sodium  lines 
with  a  degree  of  approximation  suflScient  for  the  purpose  in  view  ; 
and,  accordingly  a  new  standard  solution  was  made  containing  o.oi 
gm.  of  potassium  taken  in  the  form  of  the  chloride  and  o.  i  gm.  of 
sodium  chloride  in  100  cc.  and  with  this  new  standard  the  follow- 
ing determinations  were  made.  The  experiment  was  performed 
in  three  stages  :  first,  the  test  solution  was  diluted  until  its  potas- 
sium line  matched  approximately  with  that  of  the  standard  ;  sec- 
ondly, sodium  chloride  was  added  to  the  solution  thus  diluted  until 
the  sodium  lines  were  brought  to  equality,  and,  finally,  the  test 
solution  and  the  standard  were  again  brought  into  comparison. 
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Experiment  IV, 


Part  I. 


'SO 
Si 

I* 


cc 

30 
70 

100 


to 

o 

•A' 


Mm. 

0,23 
0.23 
0.23 


5°  5 


stronger 

stronger 

weaker 


Pa&t  II. 


0  0 

■ 

yiil 

(0 

'S 

x\S> 

a 

«4 

•d 

a  9> 

.s 

-tS 

^ 

Gm. 

Mm. 

O.OI 

0.18 

0.03 

0.18 

0.05 

0.18 

0.08 

0.18 

0.09 

0.18 

O.IO 

.  0.18 

weaker 
weaker 
weaker 
weaker 
weaker 
like 


Part  III. 


qO 

^ 

1             0.v4 

(13 

i  3 

«M 

s^ 

0 

1       3* 

A 

^^ 

^ 

n 

^ 

cc. 

Mm. 

108* 

0.23 

108 

0.23 

109 

0.23 

tit  »     'C    • 

So  5 


weaker 
stronger 
r  weaker 
-j  stronger 
(like 


Experiment  V. 


PAX.T  I. 


•sl 

Ow 


o 


W  ♦J 

5        ^ 


cc. 

40 

100 

160 


Mm. 

0.23 
0.23 
0.23 


•£•2  2  ^"2 

Si^     Sen 
So     o 


stronger 

stronger 

weaker 


S58« 


Gm. 

0.025 
0.050 
0.085 
O.IOO 

O.I  10 


Part  II. 


(0 

o 
.•2 


Mm. 

0.18 
O.I8 
0.18 
0.18 
0.18 


t.2  --g  S 


o 
u 


weaker 
weaker 
weaker 
weaker 
like 


Part  III. 


ume  of 
Solution. 

■ 

0 

43 

.S  c]      M 

ti  S  «>  Si^ 

Vol 
Test 

s 

Chan 

ofPc 

Li 

Comp 

Sta 

cc. 

Mm. 

160 

0.23 

Stronger 

180 

0.23 

stronger 

190 

0.23 

stronger 

200 

0.23 

stronger 

205 

0.23 

weaker 

210 

0.23 

weaker 

(^  X  o-oooi  =  00205 1  n,eati  =  0.02025  ) 
V200  X  0.0001  =  0.0200  J  ^  J 

Potassium  found 0.02025  gm. 

'*  taken 0.02000    *' 

Error 0.00025    "    =  1.25  per  cent. 


•Originally  present. 

(130  X  o.oooi  =  0.0130  gm,) 

Potassium  found 0.0130  gm. 

"  taken 0.0140    *' 

Error o.ooio    " 


=  7  percent. 
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Experiment  VI, 


Part  I. 

Part  II. 

Part  III. 

Volume  of 
Test  Solution. 

• 

Characteristic 

of  Potassium 

Mne  as 

Compared  with 

Standard. 

NaCl 

in  ICO  cc.  of 

Teat  Solution. 

f 

Characteristic 

of  Sodium 

I^ine  as 

Compared  with 

Standard. 

Volume  of 
Test  Solution. 

i 

Characteristic 

of  Potassium 

I«ine  as 

Compared  with 

Standard. 

cc. 

40 

80 

100 

no 

Mm. 

0.23 
0.23 
0.23 
0.23 

stronger 

stronger 

stronger 

like 

Gm. 

0.045* 
0.082 

Mm. 

0.18 
0.18 

weaker 

like 

cc. 

no 
120 

130 

Mm. 

0.23 
0.23 
0.23 

Stronger 

Stronger 

like 

Experiment  VIL 


Part  I. 

Part  II. 

PART  in. 

Volume  of 
Test  Solution. 

• 

♦J 

i 

Characteristic 

of  Potassium 

I^ine  as 

Comptlredwith 

Standard. 

Naa 

in  100  cc.  of 

Test  Solution. 

. 
.«« 

CO 

•o 

i 

Characteristic 

of  Sodium 

Line  as 

Compared  with 
Standard. 

Volume  of 
Test  Solution. 

"o 

% 

Characteristic 

of  Potassium 

I«ine  as 

Compared  with 

Standard. 

cc. 

Mm. 

0.23 
0.23 
0.23 

stronger 
stronger 
/  weaker 
tlike 

Gm. 

0.05t 
0.07 
0.09 
O.IO 

Mm. 

0.18 
0.80 
8.01 
0.18 

weaker 
.  weaker 

weaker 
flike 
•  st*nger 
I  st*nger 

FIRST. 

30 
100 

cc. 

100 
120 
130 
140 

Mm. 

0.23 
0.23 
0.23 
0.23 

stronger 

stronger 

stronger 

r  stronger 

\  weaker 

SECOND. 

cc. 

120 
140 

160: 

Mm. 

0.23 
0.23 

0.23 

0.23 

stronger 
stronger 
f  stronger 
\  weaker 
weaker 

*The  test  solution  havins:  been  acidentally  over-diluted,  its  strength  was  increased  by 
the  addition  of  o.ooio  em.  of  potassium,  and  this  amount  was  added  in  the  computation 
below  to  that  originally  in  the  test  solution. 

«  (109  X  o.oooi  =  0.0109  gm.) 

Potassium  found 0.0109  V^' 

"  taken o.oiio   " 

Error 0.0001    "    =0.9  per  cent. 

fOrigtnally  present. 
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I'irst.  Second. 

(140  X  0.0001  =  0.0140)  (150  X  o.oooi  =  0.0150) 

Potassium  found  .   .    0.0180  gm.  0.0150 

*'  taken  .   .    0.0150   **  0.0150 

Error o.ooio   "  =  7  per  cent 0.0000 

From  these  results  it  is  plain  that  the  sodium  in  test  and  stand- 
ard may  be  matched  dosely  enough  to  allow  a  fair  approximation 
to  \>e  made  in  the  determination  of  the  potassium.     In  Experi- 
ments IV,  V  and  VI,  no  readjustment  of  the  percentage  of  sodium 
in  the  final  dilution,  subsequent  to  the  matching  of  the  sodium  lines, 
was  attempted  ;  in  Experiment  VII  this  point  was  looked  to,  so 
that  in  this  determination  the  strength  of  the  sodium  was  kept 
equal  to  that  found  in  the  matching  process.    In  experiments  IV 
and  VII,  the  matching  of  the  sodium  in  the  test  solution  against 
that  in  the  standard  proved  to  have  been  exact ;  in  V,  an  excess 
of  10  per  cent  was  added,  and  in  VI,  the  point  of  equality  was 
thought  to  have  been  reached  while  there  was  still  a  deficiency  of 
25  per  cent,  in  the  sodium  chloride  of  the  test  solution. 

The  error  in  the  determination  of  the  potassium  in  Experiment 
VI  may,  perhaps,  be  accounted  for  by  the  mistake  in  matching  the 
sodium  ;  that  of  the  first  attempt  in  Experiment  VII,  we  are  dis- 
posed to  attribute  to  lack  of  care  in  keeping  the  eye  of  the  obser- 
ver in  the  most  sensitive  condition,  and  of  attention  to  the  point 
of  bringing  the  wires  to  the  plane  in  quick  succession.  The 
largest  absolute  error  met  with  amounted  to  one  milligram  in  a 
total  of  fifteen.  Though  not  accurate  to  the  last  degree  when 
large  amounts  of  potassium  are  to  be  estimated,  the  method,  we 
think,  ofiers  some  advantage  without  too  great  sacrifice  of  exact- 
ness in  the  determination  of  small  amounts.  In  qualitative  work 
the  mode  of  manipulating  described  is  exceedingly  satisfactory. 
Aside  from  the  practical  application  of  the  method,  the  point  which 
has  been  of  greatest  interest  to  us  is  the  development  of  the  fact 
that  the  presence  of  sodium  salts  in  the  flame  is  of  direct  influence 
in  strengthening  the  spectrum  of  potassium. 


NOTES. 

Labeling.  Chemical  Glassware, — Prof.  F.  P.  Dunnington,  in  a 
note  under  the  above  caption  (Jour.  Anai,.  and  App.  Chem.  5, 
360),  recommends  grinding  a  portion  of  the  surface  of  the  glass  to 
prepare  it  for  receiving  ordinary  pencil  marks.  I  find  this  unnec- 
essary, and  prefer  to  use  the  colored  pencils  especially  made  for 
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the  purpose  by  A.  W.  Faber  for  writing  on  glass,  porcelain  and 
metal.  The  small  amount  of  grease  in  the  crayon  causes  the 
marks  to  adhere  to  the  smooth  surface  of  glass,  and  grinding  is 
superfluous.  The  pencils  can  be  had  of  all  colors.  I  send  with 
this  note  a  sample  pencil  to  the  editor  of  the  Journai.  of  Analy- 
tical AND  Applied  Chemistry.*  h.  c.  b. 


NEW  BOOKS. 

Hempel's  Gas  Analysis.! — ^This  is  in  every  respect  a  good 
book.  It  is  well  written,  well  translated,  and  well  printed.  The 
illustrations,  paper  and  binding  are  of  the  best,  and  the  price  is 
moderate.  Professor  Hempel  has  confined  himself  almost  entirely 
to  a  description  of  gasometric  methods  as  carried  out  with  the 
well  known  apparatus  which  he  devised  and  perfected.  The  book 
is  divided  into  three  parts.  Part  I  contains  a  description  of  the 
apparatus  and  the  methods  of  using  it.  Part  II  contains  a  de- 
scription of  the  special  methods  for  determining  each  gas,  and  Part 
III  details  the  practical  methods  of  gas  analysis  as  applied  to  fur- 
nace gases,  illuminating  gas,  etc.  The  section  upon  the  detection 
and  determination  of  carbon  monoxide  is  particularly  interesting. 
Prof.  Hempel  has  succeeded  in  detecting  as  little  as  .03  per  cent, 
carbon  monoxide.  This  was  done  by  imprisoning  a  mouse  be- 
tween two  funnels  placed  mouth  to  mouth,  drawing  10  liters  of  air 
through  slowly,  and  examining  the  blood  of  the  mouse  spectro- 
scopically.  The  author  concludes  that  .03  per  cent,  is  the  smallest 
amount  of  carbon  monoxide  that  can  be  detected  with  certainty. 
He  considers  any  carbon  monoxide  in  the  air  of  rooms  prejudicial 
to  health  and  inadmissible.  The  translation  is  a  good  piece  of 
work.  The  meaning  of  each  sentence  is  clear,  and  the  book  is 
written  in  English.  The  translator  was  a  student  under  Hempel, 
and  has  thus  been  able  to  interpret  his  work  better.  He  has,  be- 
sides, made  several  contributions  to  the  text. 

Gas  analysis  has,  of  late  years,  become  a  very  important  sub- 
ject. Hempel's  apparatus,  by  reason  of  its  simplicity  and  cheap- 
ness, and  because  rapid  and  accurate  work  may  be  done  with 
it,  is  widely  used.  It  is  a  source  of  congratulation,  therefore,  that 
we  now  have  such  an  admirable  manual  describing  it.  E.  h. 

^he  editor  has  used  the  pencil  forwarded  by  Dr.  Bolton,  and  finds  it  to  answer  the 
purpose.  The  marks  when  once  made  may  be  erased  readily  by  washing^  with  water  and 
rubbing'  with  the  finger.  b.  h. 

fMethods  of  Gas  Analysis.  By  Dr.  Walther  Hempel.  Translated  from  the  Second 
German  Edition  by  L.  M.  Dennis,  Assistant  Professor  of  Analytical  Chemistry  in  Cornell 
University.    i2mo.,  pp.  xv,  384,  with  loi  illustrations:  MacmtUan  &  Co.    Price,  $1.90. 
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PYRITES  AS  A  MATERIAL  FOR  THE  MANUFACTURE 

OF  SULPHURIC  ACID. 

By  Wm.  H.  Adams,  M.S. 
[Continued  from  page  2j.] 

I  have  now  given,  in  as  concise  a  manner  as  possible,  all  the 
data  necessary  to  enable  the  reader  to  form  his  own  conclusions  as 
to  possible  supplies  of  brimstone  for  the  future,  costs,  etc.,  and 
changes  or  modifications  in  the  methods  of  securing  supplies  from 
this  or  foreign  countries,  and  also  concisely  placed  before  him  loca- 
tions, extent  of  the  deposits,  etc.,  of  all  the  well  known  pyrites 
mines,  especially  so  as  regards  our  own  country. 

There  remains  the  necessity  of  applying  this  information  to 
practical  uses,  and  suggesting  such  advantages  as-  wiU  excite 
closer  investigation,  to  the  end  that  our  own  mineral  deposits 
along  the  entire  Appalachian  chain  may  be  more  fully  developed. 

There  is  every  incentive  to  investigate,  improve,  change  and 
cheapen  the  methods  we  are  now  employing  for  the  utilization  of 
ores  containing  sulphur,  gold,  silver,  copper,  etc. 

Owing  to  the  uncertainty  of  securing  supplies  of  brimstone,  at 
any  uniform  price  which  will  enable  manufacturers  to  calculate  as 

m 

to  long  time  contracts,  pyrites  oflFers  the  solution  of  a  problem  in 
this  regard,  as  the  use  of  this  ore  has  already  settled  so  many 
problems  in  the  old  world.  Ores  suitable  for  acid  manufacture 
are  found  widely  distributed  in  the  United  States  and  Canada. 
They  are  obtainable  in  definite  quantities,  as  required,  by  the  ex- 
penditure of  our  own  moneys,  which  benefits  our  own  people,  with 
a  minimum  cost  for  transportation,  which,  on  bulky  or  extra-haz- 
ardous freights,  has  already  been  so  great  a  tax  on  our  people. 
lyCt  us  take  an  average  example  of  the  benefits  to  be  derived 
inland,  from  utilization  of  the  pyrites  found  so  abundantly  within 
easy  distance  of  the  great  distributing  centers. 

The  data  heretofore  given,  from  the  best  practice  of  old  and  new 
world  factories,  will  be  understood  to  be  the  basis  for  this  calcu- 
lation : 
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Cost  0/  Sulphuric  Acid  made  from  Brimstone, 

Four  tons  brimstone,  all  costs  including  freight,  losses 
in  transit,  burning,  etc.;  at  $24  per  ton  (product  is 
18  tons  chamber  acid  daily,  or  18  X  322  ==  6,000 
tons  yearly %  96.00 

Nitrate  soda,  6  per  cent  of  brimstone  used,  or  538  lbs. 

daily,  at  $2.50  per  100  lbs. 13-45 

Labor,  5  men,  all  purposes,  at  $1.25  per  day 6.25 

Coal,  2  tons  daily,  at  I3.00  per  ton 6.00 

Superintendent  and  office  cost 6.00 

On  works  costing  $35,000,  at  10  per  cent,  wear  and  tear,  10.00 

Total I137.70 

Or,  I7.65  per  ton  of  chamber  acid. 

Cost  of  Sulphuric  Acid  made  from  Pyrites. 

10  tons  pyrites,  all  costs  as  above,  at  I5  per  ton  (product 

is  18  tons  chamber  acid,  as  above) $  50.00 

Nitrate  soda,  4)^  per  cent,  on  sulphur  contents,  or  say 

400  lbs.  at  |2. 50  per  100  lbs 10.00 

Coal,  2  tons  daily,  at  $3  per  ton 6.00 

Labor,  5  men  for  all  purposes,  at  I1.25  per  day   ....  6.25 

Superintendent  and  office  cost 6.00 

Wear  and  tear,  as  above 10.00 

Total I  88.25 

Or,  $4.90  per  ton  of  chamber  acid. 

This  would  compare  in  a  business  way  for  a  year's  working,  as 
follows : 

Production  of  brimstone  plant  for  one  year  is  6,000  tons 

chamber  acid,  at  cost  of  I7.65 |45,90o 

Production  of  pyrites  plant  for  one  year  is  6,000  tons 

chamber  acid,  at  cost  of  $4.90 29,400 

Yearly  diffierence  in  favor  of  pyrites |i6,50o 

Or  about  36  per  cent  in  favor  of  pyrites. 

Now,  if  we  take  the  life  of  a  works  of  this  class  (in  above  state- 
ment we  have  charged  off  ten  per  cent,  yearly  for  depreciation), 
the  differences  in  favor  of  the  pyrites  plant  in  ten  years  would  be 
$165,000.  This  sum,  which  is  over  and  above  the  profits  now 
produced  by  the  use  of  brimstone,  is  sufficient  to  pay  for  the  entire 
works  each  three  years,  or  to  double  the  works  each  two  years  of 
working,  provided  selling  prices  of  the  manufactured  products 
were  not  materially  reduced. 
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The  fact  should  be  strongly  emphasized  that  pyrites  can  be 
laid  down  at  the  average  works  at  prices  named  above  for  a  term 
of  years. 

Also  that  payments  for  pyrites  belong  to  and  benefit  the  com- 
munity we  live  in,  whereas  all  calculations  based  upon  the  use  of 
brimstone  from  foreign  ports  are  subject  to  wide  fluctuations,  pos- 
sible stoppage  of  supplies  in  case  of  war,  and  payments  for  the 
raw  product  and  the  freights  are  paid  at  all  times  to  foreign  owners. 

If  we  take  the  manufacture  of  acid  phosphates  as  an  example 
(sulphuric  acid  being  used  for  no  other  purpose  of  consequence  in 
the  South)  and  present  a  business  statement  of  the  costs  of  same 
by  use  of  brimstone  and  of  pyrites,  it  will  be  found  very  interest- 
ing. 

Manufacture  of  acid  phosphate.  Works  with  an  output  as 
stated  above : 

Brimstone  Plant  in  At/antUy  Ga, 

6,000  tons  of  sulphuric  acid,  cost  at  I7. 65 $45>900 

6,000  tons  phosphate  rock,  cost  at  {8 48,000 

All  treatment  costs,  etc 20,100 

|i  14,000 

Product  is  12,000  tons,  therefore  cost  of  one  ton  acid  phosphate 

is  $9.50, 

Pyrites  Plant  in  Atlanta ^  Ga. 

* 
6,000  tons  sulphuric  acid,  cost  at  $4.90 $29,400 

6,000  tons  phosphate  rock,  cost  at  {8 48,000 

All  costs  of  treatment,  etc 20.100 

197,500 

Product  is  12,000  tons,  therefore  the  cost  of  one  ton  of  acid  phos- 
phate is  $8.22. 

This  would  compare  in  a  business  way  for  one  year's  working 
as  follows : 

12,000  tons  acid  phosphate  manufactured  from  brim- 
stone, cost |i  14,000 

12,000  tons  acid  phosphate  manufactured  from  py- 
rites, cost 97»50O 

Difference  is  added  profit  for  use  of  pyrites $  16,500 

Or,  per  ton  of  acid  phosphate  manufactured,  lT.34. 
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The  figures  already  given  as  to  costs  of  manufacture  of  adds 
and  acid  pliospbates  must  be  suflBciently  convincing  as  to  the 
profitable  side  of  the  business,  but  it  requires  one  or  more  repeti- 
tion of  tlie  statements  made  heretofore  to  illustrate  any  figures 
wbicb  iwrill  bring  the  benefits  of  old  world  working  into  striking 
contrast  with   our  own  methods  of  to-day. 

Suppose  a  case  where  one  of  the  more  prominent  manufacturers 
of  sulphuric  acid,  located  at  present  along  the  seaboard,  were  edu- 
cated in  tbe  utilization  of  all  the  products  of  such  ores  as  are  fbtmd 
in  Virginia,   North  Carolina,  South  Carolina,  Georgia  and  Ala- 
bama, or  the  same  character  of  ores  as  are  worked  in  large  quan- 
tities in  Huropean  metallurgical  establishments. 

The  location  of  a  works  of  this  class  would,  of  course,  be  deter- 
mined by  careful  study  of  transportation  problems,  so  that  the 
carriage  on  raw  materials,  coal,  phosphates,  nitrogen  compounds, 
potash,  etc.,  and  the  transport  of  the  finished  fertilizers,  acid  phos- 
phates, etc.,  would  be  favorable  in  all  respects. 

The  manufacture  of  the  acids  in  a  scheme  of  this  kind  would 
therefore  be  expressed  as  follows  : 

Cost  of  Sulphuric  Acid  Produced  at  the  Mine  Centers. 

10  tons  pyrites,  all  costs  of  roasting,  handling,  and  pre- 
paring for  the  after  treatment  of  contained  metals, 
at  %i  per  ton    •    •  f  * %  10.00 

Other  costs,  the  same^  given  in  former  statement  .   .       38. 25 

Total  cost I  48.25 

Or,  on  product  of  16  tons  chamber  acid  is 
$3.02  per  ton. 

A  year's  business  under  such  conditions  would  compare  with 
the  present  methods  as  follows  : 

Production  of  brimstone  plant  for  one  year  is  6,000  tons 

chamber  acid,  at  cost  of  I7. 65 l49>5oo 

Production  of  pyrites  plant  at  mines,  one  year,  is  5,200 

tons  chamber  acid,  at  cost  of  I3.02,  say i5»7oo 

Difference  is  the  profit  by  use  of  pyrites  in  the  ordinary 

process  of  a  metallurgical  plant 33i8oo 

Taking  the  utilization  of  the  acid  for  the  manufacture  of  acid 
phosphate  at  the  mines  and  we  have  the  following  result : 
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Cost  of  Add  Phosphate  at  Mine  Location, 

5,200  tons  sulphuric  acid,  at  $3.02 $15,700 

5,200  tbns  phosphate  rock  at  I7 36,400 

All  costs  of  treatment , 17,400 

169,500 

Product  is  10,400  tons,  therefore,  one  ton  acid  phosphate  costs 
j)6.68. 

It  must  not  be  forgotten  that  the  price  of  acid  phosphate  only 
four  years  ago  was  about  $25  per  ton  inland,  and  that  during  the 
past  ten  years  it  has  been  possible  to  manufacture  this  material, 
so  essential  to  the  welfare  of  the  worn-out  lands  of  the  South,  in 
Atlanta,  and  at  not  to  exceed  $8  per  ton. 

It  will  no  doubt  surprise  many  of  the  manufacturers  of  acids  to 
learn  how  general  the  use  of  pyrites  has  become  of  late  years  and 
how  widely  distributed  the  operations  are,  a  proof  of  the  gradual 
and  sure  education  on  this  subject. 

The  daily  consumption  is  as  follows  : 

Boston,  and  neighboring  sections 125  tons 

New  York,  and  neighboring  districts 280 

Philadelphia,  and  neighboring  districts 150 

Baltimore  and  neighboring  districts 40 

Southern  States 80 

Western  States 175 


Total  Daily  Consumption* 850 

Or,  850X330  days,  equals  280,500  tons  annually ; 
or,  equivalent  to  the  production  of  at  least  300,000 
tons  of  commercial  sulphuric  acid,  which  added  to 
the  amount  known  to  be  produced  from  brimstone, 
gives  us  a  grand  total  of,  say,  550,000  tons  strong 
acid  annually  manufactured  in  this  country. 

From  well-established  facts  it  is  safe  to  allow  for  an  annual  in- 
crease of  at  least  five  per  cent.,  or,  say,  28,000  tons  strong  acid, 
and  it  is  more  than  likely  that  from  this  time  on  such  increase  will 
be  from  the  use  of  pyrites,  inasmuch  as  the  consumption  of  brim- 
stone has  been  very  uniform  for  many  years  past,  while  the  increased 
tonnage  has  been  produced  from  pyrites,  as  shown  by  the  tables 
in  former  articles.     It  is  admitted,  of  course,  that  new  brimstone 

*Works  about  starting  will  increase  this  daily  consumption  25  tons  daily. 
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plants  are  constantly  being  erected,  but  it  is  not  so  well  known 
that  the  older  concerns  are  changing  over  their  plants  to  the  use  of 
pyrites,  and  that  such  changes  must  be  more  rapid  from  this  time 
on  as  competition  increases  and  education  in  the  economical  treat- 
ment of  simple  or  complex  ores  becomes  more  general. 

Dt,  "Francis  Wyatt  (Eng.  and  Min.  Journal,  1887)  says  '*It  is 
well  to  remember  that  we  are  indebted  for  the  advances  in  all  in- 
dustrial chemistry,  the  simplifying  of  all  essential  processes  which 
have  reduced  the  cost  of  bulk  chemicals,  to  so  few  individuals  that 
they  may  easily  be  reckoned  upon  the  fingers  of  the  two  hands  ; 
and  it  is  a  fact  illustrative  of  the  obstinancy  and  conservatism  in- 
separable from  ignorance,  that  those  for  whose  benefit  and  advantage 
these  labors  have  been  chiefly  undertaken,  whose  vested  interests 
would  point  them  out  as  most  likely  to  adopt  successful  improve- 
ments on  old  methods,  in  order  to  increase  their  productions  while 
lessening  their  costs,  have  long  and  sullenly  fought,  and  still  con- 
tinue to  fight,  on  the  side  of  tradition,  routine  and  *rule  of  thumb.'  *' 

This  ought  not  to  be  said  of  us  in  this  countr>'  where  every  in- 
dustry is  substantially  new  ;  where  old  world  prejudices  can  have 
obtained  no  foothold,  and  where  all  industriial  enterprises  are  calling 
only  upon  trained  management  of  the  best  class,  with  education 
equal  to  the  times  in  which  we  live  and  the  competition  we  are  ex- 
pected to  meet. 

In  closing  it  must  not  be  expected  that  very  close  presenta- 
tion of  details  connected  with  manufacturing  will  be  attempted, 
these  technical  matters  hardly  coming  within  the  scope  of  so  gen- 
eral a  presentation  of  the  main  features  of  utilizing  pyrites  ores;  but 
rather  that  the  statements  and  tables  already  given  will  lead  to  the 
further  study  of  subjects  usefiil  to  each  location,  and  that  later 
references  to  papers  and  some  of  the  more  promising  methods  of 
utilizing  the  products  of  pyrites  ores  may  excite  such  sufficient  in- 
terest in  the  possibilities  of  the  establishment  of  new  industrial 
plants,  as  will  lead  to  the  opening  of  mines,  experimenting,  etc., 
and  before  long  the  erection  of  such  combination  works  as  we  be- 
lieve will  be  generally  profitable. 

We  do  not  expect  that  a  race  of  warriors  can  be  husbandmen  by 
fiat,  or  that  husbandmen  can  become  experienced  miners,  metal 
workers  or  chemical  manufacturers  under  the  strain  of  a  feverish 
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and  continuous  development  of  natural  resources,  where  the  poor 
of  to-day  may  be,  or  are  expecting  to  be,  the  rich  of  to-morrow. 
We  fully  understand  that  this  necessary  class  of  adventurous  hu- 
manity must  be  followed  by  the  plodders  for  subsistence — the  men 
who  develop  new  ideas  by  slow,  laborious  methods— and  these  in 
turn  are  followed  by  a  race  of  men  who  unite  science  with  ideas 
already  crudely  worked  out,  and  eventually  the  result  will  be  seen 
by  utilization,  as  before  said,  of  all  products  under  one  and  the 
same  management. 

I  have  already  quoted  the  great  industrial  plant  at  Mansfield, 
with  its  colony  of  50,000  souls,  18,000  workmen  and  output  of 
over  $7,000,000  annually.  The  ores  which  have  supported  this 
immense  business  for  a  century,  and  have  been  productive  for  sev- 
eral hundred  years,  are  not  valued  at  over  ten  dollars  per  ton  as 
they  come  from  the  mine,  and  the  cost  of  extraction  is  about  seven 
dollars  per  ton. 

We  have  ores  which  could  be  brought  to  a  common  center  for 
metallurgical  treatment  containing  twice  as  much  per  ton,  while 
labor,  coal,  transport,  etc.,  are  not  one  whit  more  expensive  than 
in  the  case  of  the  Mansfield  mines.  We  have  a  market  for  every 
product  of  the  ores  which  would  be  treated  in  a  centrally  located 
works  in  the  South,  and  our  primary  product  (the  sulphur)  would 
bring  us  more  than  double  the  net  revenue  which  is  yielded  by 
Mansfield. 

It  is  unnecessary  for  me  to  reiterate  these  patent  facts,  already 
set  forth  in  the  statements  given  heretofore,  and  we  will  now  give 
the  essential  points  in  several  of  the  processes  which  are  success- 
fully worked  in  a  large  way  as  further  food  for  thought  in  the 
direction  stated. 

A  process  for  the  manufacture  of  sulphuric  acid  from  low-grade 
copper-pyrites,  and  which  will  have  a  wide  application  at  no  far- 
off"  day,  can  be  found  in  the  Transactions  of  the  American  Institute 
of  Mining  Engineers,  Vol.  12,  page  274.  Briefly  described,  it  is  the 
introduction  of  sulphurous  acid  gases  mixed  with  air  and  steam 
in  a  finely  divided  state  into  a  solution  of  blue  vitrol.  This  salt 
acts  as  a  carrier  of  the  oxygen  of  the  air,  continuously  converting 
sulphurous  into  sulphuric  acid.  The  reactions  occurring  are  very 
interesting. 
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If  sulphurous  acid  is  allowed  to  pass  through  a  hot  and  not  too 
acid  solution  of  blue  vitriol,  in  such  a  manner  as  to  keep  the  liquor 
in  violent  ebullition,  it  will  rapidly  change  the  bright  blue  color 
of  the  solution  to  a  dirty  green.     Addition  of  water  to  the  green 
liquid  v?ill  precipitate  copper.     Salt  will  precipitate  sub-chloride  of 
copper.     These  reactions  are  proof  of  the  reduction  of  a  portion  of 
the  sulphate  of  copper  by  the  sulphurous  acid  into  a  sulphate  of 
the  sub-oxide,  which  remains  dissolved  in  the  hot  solution  of  blue 
vitriol.     To  the  presence  of  the  sub-oxide  is  due  the  change  of 
color.     Now,  if  air  be  blown  into  the  dirty  green  solution,  the 
bright  blue  color  is  restored,  the  re-oxidation  of  the  green  sulphate 
into  the  blue  sulphate.     These  reductions  and  oxidations  go  on  in- 
definitely and  practically  simultaneously  in  the  apparatus  devised 
by  the  inventor,  Dr.  Roessler. 

Then  we  have  the  Doetsch  process,  in  use  on  an  extensive  scale 
at  the  Rio  Tinto  mines  in  Spain,  the  essential  points  of  which 
can  be  given  in  a  few  words.  The  raw  ore,  broken  to  a  uniform 
size  of  about  half  an  inch,  is  piled  up  in  heaps  from  10  to  13  feet 
high,  channels  being  left  along  the  bottom  and  vertical  draught  holes 
being  provided  for.  About  2  per  cent,  of  salt  is  then  scattered  over 
the  pile,  the  top  of  which  is  about  45  feet  wide — ^a  sort  of  basin 
being  formed  30  feet  square — and  solutions,  obtained  after  the  pre- 
cipitation of  the  copper,  subsequently  saturated  with  chlorine,  are 
allowed  to  flow  into  these  basins.  The  solution  acts  upon  the  cop- 
per as  it  trickles  downward  ;  is  gathered  in  gutters,  conducted  to 
tanks,  made  to  flow  through  long  sluices,  where  the  copper  is  pre- 
cipitated with  metallic  iron  from  no  to  120  parts  per  100  parts 
of  precipitate,  which  averages  about  85  per  cent,  copper. 

The  solution,  after  being  substantially  freed  from  copper,  is 
dropped  through  a  coke  tower,  in  which  it  is  met  by  an  ascending 
current  of  chlorine  and  hodrochloric  acid  gas,  thus  renewing  it  as  a 
solvent. 

For  a  description  of  the  very  perfect  method  of  heap-roasting  and 
lixiviating,  practiced  at  the  celebrated  Tharsus  mines,  in  Spain, 
see  the  article  by  John  Heard,  Jr.,  in  Engineering  and  Mining 
Jotunal  of  August  13,  1887. 

In  Transylvania  considerable  pyrites  ore  containing  gold  and  sil- 
ver is  treated,  although  many  of  the  mines  and  works  have  been 
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closed  within  a  few  years  past.  The  smelting  works  at  Zalathna 
are  using  at  present  a  process  which  has  almost  wholly  superseded 
all  the  old  methods.  The  ores  which  contain  free  silver  and  gold 
amalgamated  at  the  mines,  and  the  tailings,  with  other  ores  not 
put  through  the  mill  process,  are  taken  to  the  smelting  works. 

These  products,  averaging  260  to  300  gms.  auriferous  silver  per 
ton,  are  calcined  either  in  heaps  or  in  shelf  burners.  The  sul- 
phurous acid  which  is  driven  off  is  utilized  for  the  manufacture  of 
sulphuric  acid  or  other  puposes,  as  will  be  seen  hereafter. 

The  calcined  ores,  with  a  due  percentage  of  raw  ores,  are  smelted 
in  cupola  furnaces  into  regulus,  which  contains  with  the  precious 
metals,  a  little  copper  and  lead — ^the  amount  of  the  gold  and  silver 
being  from  550  to  650  gms.  per  ton  of  regulus,  and  the  copper  a 
little  over  one-half  per  cent.,  almost  wholly  a  sulphide  of  iron. 

This  regulus  is  then  treated  directly  with  sulphuric  acid,  in  lead- 
lined  boxes,  after  having  been  ground  fine  and  screened  through 
forty-mesh  screens.  The  tanks  or  boxes  have  openings  for  the 
feeding  of  the  ore  and  acid,  for  discharge  of  the  sulphuretted  hydro- 
gen gas  in  manufacture  of  pure  sulphur,  and  for  burning  this  gas 
when  it  is  not  utilized.  The  tatiks  or  boxes  are  heated  by  steam. 
1,600  kilograms  of  regulus  are  worked  in  six  tanks  in  twenty -four 
hour's  time,  fifteen  workmen  being  required  to  complete  the  pro- 
cess. Half  the  iron  Is  dissolved  out  by  this  treatment,  the  corres- 
ponding sulphur  being  liberated,  and  this  solution  of  sulphate  of 
iron  is  worked  up  for  copperas  crystals.  The  insoluble  residues 
contain  from  1,800  to  2,500  gms.  per  ton,  with  3)4  per  cent,  cop- 
per, which  is  smelted  with  rich  ores  and  materials  containing  lead, 
in  order  to  obtain  the  precious  metals  in  lead  ready  for  cupellation. 

The  mixture  is  arranged  so  that  for  every  kilo  of  auriferous  sil- 
ver there  shall  be  250  kilos  of  lead,  and  the  result  of  the  smelting 
is  a  rich  lead  containing  5,000  gms.  auriferous  silver  per  ton  and 
a  regulus  containing  800  to  900  gms.  of  precious  metals,  with,  say, 
10  per  cent,  copper  and  10  per  cent.  lead.  The  rich  lead  is  cupelled, 
and  the  auriferous  silver  sent  to  the  mint.  The  enriched  regulus 
is  treated  with  acid  like  the  first  regulus,  and  the  residue  returned 
again  to  the  smelters.  Now  it  will  be  seen  that  after  a  repetition 
of  this  treatment  two  or  three  times  a  regulus  will  be  obtained  con- 
taining 25  percent,  of  copper,  which  can  then  be  dissolved  in  stronger 


l>YliITES   AS   A   MATERIAt,    ETC.  8 1 

acid  to  extract  tlie  bulk  of  the  copper  as  sulphate,  which  is  precipi- 
tated witli  iron  or  crystallized  as  blue  vitriol,  while  the  residues  re- 
turn again  to  tlie  smelters. 

Tlie  really  interesting  portion  of  the  work  done  is  the  production 
of  sulphur  by  the  well-known  reaction  between  sulphurous  acid  and 
sulphuretted  hydrogen.    The  sulphuretted  hydrogen  from  the  treat- 
ment of  the  regulus  with  sulphurous  acid  gas  from  the  calcining 
of  the  ores,  are  brought  together  in  wooden  towers  provided  with 
shelves,  over  which  a  solution  of  calcium  chloride  trickles  to  the 
bottom.     If  the  two  gases  act  upon  one  another  in  the  presence  of 
water  only,  the  separated  sulphur  is  obtained  in  a  form  almost  im- 
possible to  collect  either  by  filtering  or  by  deposition.     The  pres- 
ence of  some  salt  in  solution,  however,  has  a  very  marked  and  curi- 
ous action,  causing  the  sulphur  to  be  separated  in  a  form  that  rap- 
idly and  completely  settles. 

The  sulphur  so  obtained  is  melted  under  water  at  a  pressure  of 
I  ^4  atmospheres.  This  process  was  discovered  by  Shaffner  &  Hel- 
big  some  years  ago  and  published  by  them,  but  is  practically  un- 
known in  this  country. 

At  Meggen,  where  Germany's  large  sulphuric  acid  works  are 
established,  a  very  successful  process  for  the  recovery  of  the  resi- 
due iron  cinder  is  being  worked.  It  is  well  known  that  heating 
the  cinders  to  expel  the  last  remaining  traces  of  sulphur  is  very 
unsatisfactory  by  reason  of  the  many  elements  contained  in  so  small 
quantities ;  chemical  analysis  demonstrating  the  presence  of  sulphur, 
iron,  selenium,  arsenic,  lead,  mercury,  thallium,  etc.,  with  zinc 
sometimes  to  the  extent  of  6  per  cent. 

It  is  the  creation  of  the  sulphates  when  high  heats  are  used 
which  has  long  stood  in  the  way  of  utilization  of  this  residue. 

Soaking  the  refuse  in  water  and  thus  securing  the  iron  salts  is 
an  easy  matter,  but  as  the  products  contain  large  amounts  of  sul- 
phate of  zinc  it  is  of  little  practical  value,  the  separation  of  the  two 
compounds  being  too  expensive.  If,  however,  the  liquid  in  which 
the  refuse  has  been  soaked  is  treated  with  an  equivalent  of  common 
salt  for  every  equivalent  of  sulphuric  acid  it  contains,  the  difiBculty 
is  overcome.  On  cooling  this  liquid,  crystals  of  Glauber's  salt  are 
formed,  suflScient  to  pay  the  expenses  of  working  the  residues. 
The  liquid  also  contains  chloride  of  zinc,  besides  the  sulphates 
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of  iron,  zinc  and  soda.  By  cbncentrating  the  liquid  all  the  salts 
are  separated,  leaving  pure  chloride  of  zinc  in  the  solution.  Thus 
two  valuable  products  are  obtained  from  treatment  of  the  waste 
pyrites  residues. 

At  the  copper  mines  in  Stadtberg,  Germany,  worked  since  1150, 
the  ores  are  carbonates,  and  sulphides  disseminated  in  slates. 

In  1882  experiments  were  inaugurated  looking  to  treatment  of 
the  lower  deposits,  consisting  mostly  of  sulphurets  with  cuprous 
chloride,  and  after  some  modifications  this  process  is  now  used 
generally.  Crushers  and  rolls  are  used  to  prepare  the  ore  for  the  vats, 
and  it  is  then  covered  for  several  days  with  the  mother  liquor  taken 
from  the  final  process.  When  thoroughly  soaked  it  is  made  into 
piles  and  exposed  to  the  action  of  the  atmosphere  for  weeks  or 
months,  as  the  case  may  be,  which  exposure  converts  the  sulphide 
into  the  soluble  chloride,  which  is  extracted  with  hydrochloric  acid. 

The  copper  is  precipitated  by  iron  in  large  agitators.  From 
50,000  to  60,000  tons  of  ores  are  worked  by  this  method  annually, 
and  the  consumption  of  iron  is  about  equal  to  the  copper  produced. 

Another  process,  somewhat  identical  with  the  Stadtberg  work- 
ings, will  be  interesting  to  owners  of  the  low  grade  copper  mines 
of  the  South,  and  perhaps  lead  to  modifications  resulting  in  success. 

[TO  BE  CONTINUED.] 

PHOSPHORUS  DETERMINATION  BY  NEUTRALIZA- 
TION OF  THE  '* YELLOW  PRECIPITATE" 

WITH  ALKALI. 

By  C.  B.  Mamby,  late  Chemisl  National  Tube  fVorks. 

Before  describing  my  method,  allow  me  to  explain,  that  since 
developing  this  process  of  titration  of  the  phosphomolybdate  with 
alkali,  it  has  recently  come  to  my  notice  that  Dr.  Hundeshagen 
was  the  first  in  publishing  the  practicability  of  titration  with  caustic 
soda,  and  on  the  other  hand,  I  have  experimented  in  the  same 
direction  independently,  not  knowing  that  any  publication  existed, 
and  naturally  at  this  time,  I  feel  somewhat  exposed  to  criticism, 
although  my  researches  are  orginal,  and  date  back  to  1886.  It  is 
not  my  intention  to  dispute  priority  or  solicit  recognition,  but 
merely  to  unearth  an  old  process,  with  the  object  of  raising  discus- 
sions as  to  the  merits  of  the  alkali  method. 

Determinations  of  phosphorus  in  steel  may  now  be  accomplished 
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within  40  minutes,  thanks  to  Dr.  Drown,  Messrs.  Emmerton,  Jones, 
and  others,  for  valuable  suggestions  regarding  the  rapid  and  com- 
plete oxidation  with  permanganate  of  potash  and  ultimate  reduction 
of  manganese  dioxide  by  tartaric  acid  now  superseded  by  ferrous 
sulphate,  or,  as  I  prefer,  by  a  few  drops  of  HCl,  sufficient  only  to 
decompose  the  manganese  dioxide  by  boiling,  the  nascent  chlorine 
being  also  beneficial  in  hastening  oxidation.  Much  depends  upon 
the  preparation  of  the  molybdate  reagent.  After  many  experi- 
ments I  find  the  following  proportions  give  excellent  results : 

Take  loogms.  molybdenum  trioxide,  to  which  add  150  cc.  water, 
then  into  it  stir  well  100  cc.  concentrated  ammonium  hydroxide,  then 
allow  the  excess  of  free  ammonia  to  evaporate  spontaneously,  and 
lastly  pour  this  solution  into  1500  cc.  of  cold  dilute  nitric  acid 
(i  acid  to  2  water). 

I  have  found  it  very  convenient  to  keep  a  stock  of  carefully  pre- 
pared *' yellow  precipitate'*  for  standardizing  the  alkali,  which  is 
prepared  as  follows :  Wash  the  precipitate  free  from  reagents  with 
3  per  cent,  nitric  acid,  then  redissolve  with  ammonium  hydroxide 
(15  per  cent.).     Remove  the  filtrate,  and  boil  off  nearly  the  whole  of 
the  fi-ee  ammonia,  then  add  nitric  acid  (sp.  gr.  1.20);  precipitate 
will  form    immediately ;  then  evaporate  to  dryness  in  a  porcelain 
dish,  then  over  the  lamp,  to  expel  ammonium  nitrate  and  free  nitric 
acid,  which  may  be  distinctly  observed,  resembling  the  white  fumes 
of  sulphuric  acid ;  the  point  of  completion  is  noted  by  the  fumes 
ceasing ;  there  is  no  danger  by  over-heating  during  the  fuming. 
Allow  to  cool  off,  and  keep  in  a  stoppered  bottle  for  standardizing. 
Alkali, — ^Take  6.6  gms.  sodium  hydroxide,  dissolve  and  dilute 
with  water  to  1000  cc.;  then  i  cc.  corresponds  to  .0002  phosphorus 
(approximately),  but  when  standardizing  by  the  '* yellow  precipi- 
tate," the  approximation  becomes  accurate  by  the  addition  of  a 
little  water. 

Acid. — ^Take  locc.  nitricacid  (1.42),  and  dilute  to  1000  cc.  Have 
ready  two  burettes  graduated  in  \^  with  a  capacity  of  50  cc.,  and 
proceed  to  make  preliminary  tests,  so  that  i  volume  acid  equals  i 
volume  alkali,  using  phenolphthalein  as  indicator.  Start  by  know- 
ing the  acid  to  be  the  strongest,  then  one  trial  will  show  their  rela- 
tive values,  and  a  calculation  will  show  the  exact  amount  of  water 
required  to  reduce  the  acid  to  the  same  strength  as  the  alkali, 
volume  for  volume. 
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Standardizing. — Weigh  o.  a  gm.  of  prepared  ' '  yellow  precipitate, ' ' 
and  run  in  20  cc.  of  alkali,  then  add  the  indicator  (the  size  of  a 
pin's  head),  and  stir  well  till  dissolved;  now  titrate  back  till  one 
drop  destroys  the  pink,  read  off,  and  if  it  shows  3.7  cc.,  then  the 
strengths  are  coirect,  becanse  20-3.7  equals  16.3  or  .  163  per  cent, 
phosphorus.  Now,  supposing  the  alkali  is  too  strong,  and  there- 
fore shows  15.8  cc.,  and  this  divided  by  2^=7.9;  so  that  if  790  cc, 
are  measured  off  and  filled  up  with  water  to  815  cc,  then  the  cor- 
rection will  be  made  exact  with  alkali.  Likewise,  take  790  cc.  of 
the  acid  and  fill  up  with  water  to  815  cc.;  then  volume  equals  vol- 
ume, and  10  cc.  equab  .  10  per  cent,  phosphorus  when  employing 
two  quantities,  say  2  gms.  of  metal.  Several  checks  may  be  made 
in  a  few  minutes,  merely  for  practice  with  the  "yellow precipitate," 
and  afterwards  proceed  to  use  the  phosphorus  taken  fivm  samples 
of  metal,  etc.  The  essential  point,  of  course,  before  titration,  is  to 
have  the  "yellow  precipitate"  of  constant  composition,  as  pre- 
viously described,  and  very  little  practice  will  enable  one  to  obtain 
constant  results  which  will  not  vary  more  than  .0005  per  cent, 
phosphorus  on  2  gms.  of  steel. 

The  following  details  may  be  resorted  to  in  practice  : 
For  Steel. — Employ  2  gms.,  dissolve  with  30  cc.  nitric  acid 
(sp.  gr.  1.20)  in  an  Erlenmeyer  flask;  when  the  action  has 
ceased,  boil  off  the  nitrous  fumes  completely,  then  oxidize,  ac- 
cording to  Shimer,  with  permanganate  of  potash  (10  gms.  to  the 
liter).  It  will  be  found  that  4  or  5  cc.  is  sufficient  to  form  a  tur- 
bidity which  remains  permanent  on  boiling,  and  this  turbidity  is 
the  point  sought  for,  which  must  now  be  redissolved  with  several 
drops  of  hydrochloric  acid  until  it  clears  up  again  by  continuous 
boiling.  When  crystal  clear,  remove  lamp,  and  allow  to  cool  off 
sufficiently  to  neutralize  with  dilute  ammonium  hydroxide  (i  water 
to  1  concentrated  ammonia),  until  the  ferric  precipitate  slowly  dis- 
solves. Be  careful  not  to  overreach  this  point  of  turbidity,  because 
oxide  of  iron  will  invariably  contaminate  the  "yellow  precipitate," 
and  consequently,  when  redissolved  in  ammonia,  there  is  a  liability 
of  forming  phosphate  of  iron,  a  very  little  of  which  will  greatly  viti- 
ate the  results  of  the  old  magnesia  method,  even  in  the  presence  - 
of  citric  acid.  If,  however,  neutralization  has  been  carrieil  too  far, 
more  acid  must  be  added  to  clear  up  the  solution,  but  <  avoid  more 
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than  3  per  cent,  excess.  Now  warm  up  to  somewhere  near  the 
hoiling  point,  and  add  50  cc.  of  the  molybdate  reagent ;  then 
immediately  shake  up  the  flask  for  several  seconds,  and  place  on 
a  sand  bath  for  5  minutes,  and  proceed  to  filter ;  wash  the  filter  and 
the  precipitate,  with  3  per  cent,  nitric  acid,  containing  also  3  percent, 
potassium  nitrate,  wash  till  free  from  iron  and  molybdate  reagent ; 
finally  wash  with  3  per  cent,  nitric  acid  alone,  to  remove  most  o[ 
the  potassium  nitrate.  Lastly,  dissolve  ''yellow  precipitate*'  with 
dilute  ammonia  (15  per  cent.)  into  a  porcelain  dish,  using  a  few  cc. 
of  hot  water  for  the  finish.  Now  proceed  to  boil  off  the  ex- 
cess of  free  ammonia,  then  remove  from  lamp  and  add  2  cc.  nitric 
acid  (sp.  g^.  1.20),  and  the  reformation  of  the  !' yellow  precipitate*' 
will  be  immediate  and  complete.  Then  evaporate  to  dryness  very 
rapidly,  after  which  raise  the  heat  sufiiciently  to  expel  fi-ee  nitric 
acid  and  ammonium  nitrate  as  previously  described. 

Pi^"  /nw.-r-Bmploy  varying  amounts,  according  to  the  grade, 
that  is  about  2  gms.  for  Bessemer  and  0.5  gm.  for  common  iron, 
and  dissolve  in  1.135  nitric  acid,  according  to  Drown.  Lastly, 
proceed,  after  filtering  in  the  same  way  as  for  steel,  and  oxidize 
with  permanganate,  as  usual,  but  be  more  careful  to  have  the  solu- 
tion after  neutralizing  perfectly  clear  with  excess  of  nitric  acid. 

Ores. — Dissolve  2  to  4  gms.  with  hydrochloric  acid,  evaporate 
to  dryness,  take  up  with  hydrochloric  acid,  dilute,  and  filter,  thon 
evaporate  to  a  syrup,  and  add  concentrated  nitric  acid  to  decompose 
the  free  hydrochloric  acid.  Lastly,  dilute  With  water,  boil  and 
oxidize  with  plenty  of  permanganate  and  proceed  as  with  steel. 

The  time  required  for  determination  of  phosphorus  in  sfeei  by 
the  various  methods  is  approximately  as  follows  : 

Magnesia  method 4  hours. 

Emmerton  .    , i}4  '' 

Weighing  "yellow precipitate" 2       " 

Alkali  method 40  minutes. 

I  do  not  attempt  to  make  any  distinction  as  to  the  merit  of  one 
method  over  another,  but  merely,  as  Mr.  Jones  has  wisely  remarked, 
on  comparative  methods,  that  **the  ultimate  correction  can  only 
result  from  the  product  of  the  experience  of  many  workers,**  and 
consequently  I  shall  feel  gratified  if  my  attempts  at  an  **  incidental 
improvement"  may  result  in  a  nearer  approach  to  the  standard 
method. 
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NOTE  ON  THE  DETERMINATION  OF  SUI^PHUR 

IN  SI.AGS. 

By  Joseph  Torrby. 

In  view  of  Mr.  Craig's  note  in  the  Journal  for  January,  the 
following  results  may  be  of  interest.  They  were  obtained  in 
the  winter  of  1884,  while  experimenting  on  methods  of  deter- 
mining sulphur  under  different  circumstances.  The  method  was 
so  nearly  identical  with  that  described  by  Mr.  Craig,'  that  I  will 
simply  give  the  results. 

Sample. .  P^rcentafire  of  Sulphur. 

[0-33 
Black  Slag j  ^33 

1 0.33 

^'^-ysi^g {a^^ 

'^Slagfroth»« {-;5- 

Spiegel  Slag 

The  residue  was  in  all  cases  tested,  but  I  was  unable  to  find 
any  sulphur  therein.  The  samples  were  quite  different,  and  varied 
in  age  from  one  to  three  weeks.  Potassium  permanganate  was 
used  to  absorb  the  evolved  hydrogen  sulphide. 

With  regard  to  the  estimation  of  sulphur  in  pyrites,  I  think 
that  in  some  cases  heating  the  mineral  in  a  stream  of  oxygen  and 
absorbing  the  sulphur  dioxide  in  permanganate  will  give  as  good 
results,  perhaps,  as  the  method  given  by  Mr.  Craig.  The  residue 
in  the  boat  should  always  be  thoroughly  washed  out  with  hot 
water,  and  the  filtered  wash  waters  added  to  the  reduced  perman- 
ganate solution  before  precipitating  with  barium  chloride.  Of 
course,  the  object  of  this  note  is  simply  to  add  a  little  testimony 
to  the  correctness  of  Mr.  Craig's  conclusions. 

I  may  add  that  I  think  I  have  seen  a  note  somewhere  to  the 
effect  that  the  evolution  of  hydrogen  sulphide  in  slag  sulphur 
determinations  is  more  complete  if  magnesium  chloride  is  added 
with  the  hydrochloric  acid.  If  I  remember  correctly,  one  or  two 
of  my  analyses  were  made  in  this  way,  but  I  cannot  recall  which, 
and  the  figures  give  no  evidence. 

Chemical  I«aboratorv  of  Harvard  Collroe, 

February  9,  1892. 
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By  Edgajl  p.  Smith  and  D.  L.  Wallace. 

In  a  former  comtaunication*  from  this  laboratory,  it  was  shown 
that  gold  was  completely  precipitated  from  its  doable  cyanide  so- 
lutions by  the  current,  and  itirther,  that  it  could  be  deposited 
equally  well  from  the  solution  of  sodium  sulphaurate.  When  in 
the  latter  form,  gold  can  be  separated  electrolytically  from  arsenic, 
tungsten,  molybdenum,  etc.f  During  the  past  year,  experiments 
were  instituted  for  the  purpose  of  ascertaining  whether  the  sepa- 
ration of  these  metals  from  gold  could  be  effected  as  well  in  the 
presence  of  an  excess  of  potassium  cyanide.  The  conditions  favor- 
able to  these  separations  are  given  below. 

The  temperature  appears  to  exert  a  marked  effect  upon  the  ra- 
pidity with,  which  gold  is  thrown  out  of  solution.  In  those  plati- 
num dishes  which  happened  to  be  near  a  window  during  a  cold 
period,  it  v/2ls  noticed  that  the  metal  was  deposited  upon  the  sides 
of  the  dishes  farthest  from  the  window  ;  nor  was  the  precipitation 
in  these  instances  complete.  As  it  seemed  to  be  a  matter  of  in- 
terest ancl  importance  to  know  to  what  extent  the  deposition  of 
this  particular  metal  was  influenced  by  varying  degrees  of  cold, 
this  subject  is  receiving  iSpecial  investigation  in  this  laboratory. 

GOLD   PROM   ARSENIC. 

Many  trials  were  necessary  before  the  proper  conditions  for  the 
successful  separation  of  these  metals,  in  cyanide  solution,  were 
worked  out.  Large  quantities  of  alkaline  cyanide  retard  the  depo- 
sition of  the  gold,  and  upon  increasing  the  current  in  order  to  pre- 
cipitate the  metal  completely,  arsenic  spots  were  visible  over  the 
entire  surface  of  the  gold. 

I.  To  lo  cc.  auric  chloride  (=0.1240  gm.  gold)  were  added 
10  oc.  arsenic  solution  (=o.iooogm.  of  metal),  0.75  gm.  of  po- 
tassium cyanide,  and  150  cc.  of  water.  A  current  generating  1.8 
cc.  electrolytic  gas  per  minute  was  allowed  to  act  upon  the  solu- 
tion for  fourteen  hours.  The  weight  of  the  precipitated  gold 
equaled  0.1248  gm.     It  contained  no  arsenic. 

^American  Chemical  Journal  13,  417. 

fProcecdinga  of  Chemical  Section  of  Prank.  Inst.  3,  20. 
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2.  To  locc.  auric  chloride  (=0.1027  gm.  of  gold)  were  added 
ID  cc.  arsenic  solution  (_=  o.  1000  gm.  of  metal),  0,75  gm.  of  potas- 
sium cyanide  and  150  cc.  of  water.  The  current  that  passed 
through  this  solution  gave  2  cc.  electrolytic  g:as  per  minute.  The 
decomposition  continued  for  the  same  period  as  in  the  preceding 
trial.     The  gold  contained  no  arsenic,  and  weighed  0.1027  g™- 

3.  In  this  trial,  the  conditions  were  precisely  like  those  recorded 
in  2.     The  precipitated  gold  weighed  0.1020  gm. 

These  results  are  sufBciently  accurate  for  ordinary  analysts. 
They  demonstrate  the  possibility  of  the  separation  if  conditions 
analogous  to  those  above  be  observed, 

GOLD  FROM   MOLYBDENUM. 

This  separation  gave  no  trouble.  The  molybdenum  did  not 
show  the  slightest  tendency  to  separate  together  with  the  gold. 
Stronger  currents  can  be  used  to  advantage  in  this  separation,  al- 
though those  recorded  in  the  following  experiments  were  amply 
sufficient  for  the  precipitation  of  the  metal  in  the  course  of  a  night. 

1.  A  current  liberating  2  cc.  electrolytic  gas  per  minute  acted 
upon  the  following  solution  :  10  cc.  auric  chloride  (^=0. 1027  gra.), 
10  cc.  ammonium  molybdate{;=o.  1000  gm.  of  molybdenum),  0.75 
gm.  of  potassium  cyanide,  and  150  cc.  of  water.  The  precipitated 
gold  weighed  0.1024  S™- 

2.  A  current  equal  to  that  in  i  acted  upon  a  solution  of  like 
constitution,  excepting  that  the  gold  present  equaled  0.1277  gm. 
The  gold  obtained  weighed  0.1275  gm. 

3.  With  conditions  as  in  2,  and  a  current  liberating  1.6  cc.  elec- 
trolytic gas  per  minute,  the  deposited  metal  weighed  0.1274  gra. 

The  color  of  the  gold  deposit  in  the  separation  from  arsenic  was 
light  yellow,  while  in  that  from  molybdenum  the  metallic  gold 
invariably  showed  a  deep  yellow — almost  orange — appearance. 
The  deposit  in  both  separations  was  very  adherent,  but  rather 
rough  and  without  lustre. 

GOLD    FROM    TUNGSTEN. 

In  this  separation  the  tungsten  at  first  was  weighed  off  as  tri- 
oxide,  the  latter  dissolved  in  sodium  or  potassium  hydroxide,  and 
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then  added  to  the  gold  double  cyanide.    Whenever  this  was  done, 
it  was  found  that  the  metal  separated  very  slowly  when  the  cur- 
rent acted,  and  in  ever>'  case  the  precipitation  was  incomplete. 
To  remove  this  difficulty,  the  tungstic  acid  was  dissolved  in  a 
definite  volume  of  alkaline  cyanide,  and  in  this  form  brought  into 
the  gold  solution. 

1.  A  current  liberating  2  cc.  electrolytic  gas  per  minute  acted 
for  a  period  varying  from  14  to  16  hours  upon  the  following  mix- 
ture :  10  cc.  auric  chloride  (=0.1027  gm.  of  gold),  o.iooo  gm.  of 
tungsten,  0.75  gm.  of  potassium  cyanide,  and  150  cc.  of  water. 
The  precipitated  gold  weighed  0.1020  gm. 

2.  ^With  a  current  liberating  2.2  cc.  electrolytic  gas  per  minute, 
and  the  following :  0.1277  gm.  of  gold,  0.1200  gm.  of  tungsten, 
0.75  gm.  of  potassium  cyanide,  and  150  cc.  of  water,  the  deposited 
gold  weighed  o.  1 285  gm. 

3.  With  conditions  similar  to  those  in  2,  and  a  current  that 
liberated  2.4  cc.  electrolytic  gas  per  minute,  the  weight  of  the 
precipitated  gold  equaled  0.1280  gm. 

Two  trials,  in  which  the  acting  current  gave  but  1.6  cc.  of  elec- 
trolytic gas  per  minute,  showed  that  considerable  gold  remained 
unprecipitated.  The  gold  was  dark  yellow  in  color.  The  deposit 
while  rough,  without  lustre,  and  for  the  most  part  adherent, 
showed,  in  spots,  a  tendency  to  spqnginess. 

The  experiments  recorded  above  prove  that  the  electrolysis  of 
the  cyanide  solution  may  be  applied  in  the  separation  of  gold  from 
arsenic,  tungsten,  and  molybdenum,  thus  giving  a  second  method 
for  the  separation  of  these  metals  in  the  electrolytic  way.  How- 
ever, the  rapidity  with  which  gold  may  be  deposited  from  an  alka- 
line sulphide  solution,  and  the  wide  range  of  conditions  allowed 
by  this  solution  recommend  its  use  for  the  separation  of  gold  from 
the  metals  under  consideration. 

GOLD   PROM   OSMIUM. 

In  the  separations  that  follow,  the  osmium  was  applied  as  os- 
miamide.  No  difficulties  were  encountered  with  the  conditions  as 
given  below. 

I.  A  current  liberating  2.4  cc.  electrolytic  gas  per  minute,  acted 
for  twelve  hours  upon  0.1277  E^-  of  g^^^  ^s  chloride,  0.1500  gm. 
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osmium,  0.75  gm.  of  potassium  cyanide,  and  150  cc.  of  water. 
The  gold  deposit  weighed  o.  1278  gm. 

2.  A  second  dish  contained  0.1275  8^«  of  gold,  0.1500  gm.  of 
osmium,  0.75  gm.  of  potassium  cyanide,  and  150  cc.  of  water. 
The  solution  was  subjected  to  the  action  of  a  current  giving 
2  cc.  electrolytic  gas  per  minute.  The  precipitated  gold  weighed 
0.1275  gm. 

3.  With  conditions  the  same  as  in  2,  but  with  a  current  libera- 
ting 2.8  cc.  of  electrolytic  gas  per  minute,  the  gold  weighed 
0.1276  gtn. 

The  deposit  of  gold  in  these  three  experiments  was  bright  and 
quite  adherent. 

Cadmium,  silver  and  mercury  being  metals  that  are  precipitated 
without  special  difficulty  from  solutions  of  their  double  cyanides, 
experiments  were  made  to  determine  whether  their  separation 
from  osmium  would  also  be  possible.  This  the  results  that  follow 
prove  conclusively. 

CADMIUM   FROM   OSMIUM. 

1.  A  current  liberating  2.6  cc.  of  electrolytic  gas  per  minute 
acted  over  night  upon  a  solution  of  150  cc.  dilution,  in  which  were 
present  0.1713  gm.  of  cadmium,  0.1500  gm.  of  osmium,  and  1.5 
gm.  of  potassium  cyanide.  The  deposit  of  cadmium  was  all  that 
could  be  desired.     It  weighed  0.1696  gm. 

2.  The  conditions  were  exactly  analogous  to  those  given  in 
the  preceding  experiment.  The  cadmium  deposit  weighed 
0.1708  gm. 

3.  In  this  trial  the  quantity  of  potassium  cyanide  did  not  quite 
equal  one  gram.  The  acting  current  gave  1.4  cc.  electrolytic  gas 
per  minute.     The  cadmium  weighed  o.  1704  gm. 

4.  With  conditions  as  in  3  and  4,  and  a  current  yielding  2.4  cc. 
electrolytic  gas  per  minute,  the  cadmium  precipitated  weighed 
0.1699  &^' 

While  cadmium  is  precipitated  with  little  difficulty  from  cyanide 
solutions,  it  is  always  well  not  to  allow  more  cyanide  to  be  present 
than  will  be  required  to  prevent  the  non-precipitation  of  the  asso- 
ciated metals.     The  cadmium  deposit  should  be  washed  without 
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interruption  of  the  current,  if  the  final  traces  of  metal  are  desired, 
and  accuracy  is  sought  in  the  determination. 

SILVER  FROM   OSMIUM. 

1.  A  current,  liberating  1.4  cc.  electrolytic  gas  per  minute,  acted 
through  the  night,  upon  a  mixture  of  0.1090  gm.  of  silver,  0.1500 
gm.  of  osmium,  0.75  gm.  of  potassium  cyanide,  and  150  cc.  of 
water.  ^  The  precipitated  gold  weighed  o.  1087  gm. 

2.  This  trial  only  diflFered  from  i,  in  having  a  current  of  1.8  cc. 
electrolytic  gas  per  minute.  The  weight  of  silver  obtained  was 
0.1096  gm. 

3.  In  this  instance  the  current  was  increased  to  2.4  cc.  electro- 
lytic gas  -per  minute,  but  the  other  conditions  remained  as  before. 
The  time  required  for  complete  deposition  of  the  silver  was  seven 
hours.     The  deposited  silver  weighed  0.1088  gm. 

MERCURY   FROM   OSMIUM. 

1.  10  cc.  mercuric  chloride  solution  (=0.1927  gm.  of  mercury), 
0.1500  gm.  of  osmium,  1.5  gm.  of  potassium  cyanide,  and  150 
cc.  of  water  were  subjected  to  the  influence  of  a  current  of  1.6  cc. 
of  electrolytic  gas  per  minute,  for  sixteen  hours.  The  mercury 
deposit  weighed  0.1931  gm. 

2.  10  cc.  mercuric  chloride  solution  (=0.1927  gm.  of  mercury), 
0.1500  gm.  of  osmium,  1.5  gms.  of  potassium  cyanide,  and  150 
cc.  of  water  were  acted  upon  by  a  current  generating  0.7  cc.  elec- 
trolytic gas  per  minute,  for  a  period  of  sixteen  hours.  The  pre- 
cipitated mercury  weighed  0.1930  gm. 

3.  With  conditions  the  same  as  in  i  and  2,  but  with  a  current 
equal  to  1.9  cc.  electrolytic  gas  per  minute,  the  separated  mercury 
weighed  0.1934  S™- 

In  the  separation  of  gold  from  tungsten,  mention  was  made  of 
the  fact  that  when  the  tungstic  acid  was  dissolved  in  caustic  alkali 
and  this  solution  then  added  to  that  of  the  gold,  that  the  latter 
metal  was  incompletely  precipitated,  although  all  the  other  con- 
ditions were  favorable  to  its  complete  deposition.  This  behavior 
of  the  gold  led  to  the  introduction  of  definite  amounts  of  caustic 
alkali  into  gold  solutions  of  known  strength  and  containing  known 
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amounts  of  alkaline  cyanide.  For  example,  a  current  of  1.8  cc. 
electrolytic  gas  per  minute,  acting  upon  0.1277  S^-  of  €^old,  in 
the  presence  of  0.75  gm.  of  potassium  cyanide,  precipitated  the 
metal  fully  in  sixteen  hours.  A  similar  solution,  to  which  2 
gms.  of  caustic  potash  had  been  added,  when  acted  upon  by  a  cur- 
rent of  equal  and  even  greater  strength,  did  not  yield  up  any  of 
its  metal.  Even  after  longer  periods  of  time  not  the  slightest  trace 
of  gold  was  visible  upon  the  precipitating  dishes.  Silver,  under 
conditions  analogous  to  those  first  described  for  gold,  was  fully 
deposited  by  a  current  generating  1*4  cc.  of  electrolytic  gas  per 
minute.  This  is  evident  from  the  following  trial,  which  is  but 
one  of  many  that  were  made  : 

To  10  cc.  silver  solution  (=0.109  S™-  ^^  silver),  were  added 
0.75  gm.  of  potassium  cyanide,  2  gms.  of  potassium  hydroxide, 
and  150  cc.  of  water.  The  current  employed  gave  1.4  cc.  of  elec- 
trolytic gas  per  minute.  The  precipitated  silver  weighed  0.1085 
gm.  Having  thus  found  such  a  marked  difference  in  the  be- 
havior of  these  two  metals  under  the  conditions  mentioned,  steps 
were  taken  to  learn  what  the  results  would  be  if  both  metals  were 
present  together.  It  will  suffice  to  say  that  their  separation  failed. 
Frequently  the  silver  came  down  perfectly  white  in  color,  but 
after  weighing  and  solution  in  nitric  acid,  it  was  discovered  to 
have  simply  covered  a  layer  of  gold.  At  times,  too,  the  deposit 
was  quite  yellow  in  color,  and  was  throughout  a  mixture  of  the 
two  metals.  Finding  by  numerous  trials  that  about  .0148  gra. 
of  metallic  silver  w^ere  precipitated  under  the  conditions  already 
mentioned,  the  deposition  was  closely  watched.  At  the  expiration 
of  the  period  calculated  for  the  precipitation  of  all  the  silver,  the 
level  of  the  liquid  was  raised,  and  the  action  of  the  current  con- 
tinued for  ten  minutes  additional.  There  being  no  further  indica- 
tion of  silver  precipitation,  the  current  was  interrupted,  the  deposit, 
perfectly  white  in  color,  was  carefully  washed,  dried  and  weighed. 
It  equaled  0.1090  gm.,  thus  corresponding  exactly  to  the  theo- 
retical amount  of  silver  in  the  solution  electrolyzed.  On  dissolv- 
ing the  deposit  in  nitric  acid  a  layer  of  gold  remained.  Variations 
in  the  conditions  of  experiment  were  made,  but  no  better  results 
were  obtained.  Attention  was  next  directed  to  the  separation  of 
mercury  from  gold  in  cyanide  solutions  containing  known  quanti- 
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ties  of  caustic  alkali.     Repeated  experiments  were  fruitless,  and 
the  investigation  was  accordingly  abandoned. 

Caustic  alkali  does  not  interfere  with  the  electrolytic  precipita- 
tion of  cadmium  from  solutions  of  its  double  cyanide.  Reference 
to  the  publication  of  Smith  and  Frankel*  will  show  that  they 
did  not  succeed  in  efiFecting  an  electrolytic  separation  of  cadmium 
from  nickel  in  cyanide  solution.  It  was  thought  that  possibly 
the  introduction  of  caustic  alkali  would  be  eflBcacious  in  this  in- 
stance. The  results  recorded  below  prove  it  to  have  been  of  ser- 
vice, and  to  have  made  this  separation  sure  and  accurate. 

1.  A  current  liberating  2.2  cc.  electrolytic  gas  per  minute,  acted 
during  the  night  upon  10  cc.  cadmium  sulphate  solution  (=0. 1723 
gm.  of  cadmium),  0.1600  gm.  of  nickel,  2  gms.  of  caustic  potash, 
2.5  gms.  of  potassium  cyanide,  and  150  cc.  of  water.  The  cad- 
mium deposit  weighed  0.1723  gm. 

2.  Conditions  as  in  i.  The  current  gave  1.4  cc.  electrolytic  gas 
per  minute.     The  precipitated  cadmium  weighed  0.1723  gm. 

3.  Conditions  as  in  i  ;  current,  however,  equal  to  2  cc.  electro- 
lytic gas  per  minute.     The  cadmium  weighed  o.  1725  gms. 

In  these  and  other  experiments  the  deposits  were  carefully  ex- 
amined ictor  nickel,  but  it  was  not  found. 

Experi  ments  were  also  made  to  deposit  gold  from  its  solution 
in  ammonium  sulphide,  but  all  of  the  results  obtained  were  low. 
The  separation  of  gold  from  tin  in  solutions  of  this  description 
also  failed.  Both  metals  were  present  in  the  metallic  deposits. 
This  occurred  even  on  using  currents  not  yielding  more  than  2  cc. 
of  electrolytic  gas  per  minute. 

It  is  scarcely  necessary  to  mention  here,  that  in  all  cases  in  this 
investigation  the  metal  deposited  was  examined  for  that  metal 
with  which  it  had  been  associated ;  nor  does  it  appear  essential  to 
detail  the  mode  of  washing  and  drying  the  deposits,  as  these  opera- 
tions have  been  fully  described  in  former  communications  on  this 
subject. 

Chbvical  Laboratory  of  the  Univ.  of  Pa., 
Phii.adblj*hia,  February  9,  1892. 


*Proceedin£:s  Chetn.  Sec.  Franklin  Inst.  9,  3. 


THE  SEPARATION  OF  IRON,  MANGANESE  AND 

CAIXIUM  BY  THE  ACETATE  AND 

BROMINE  METHODS.* 

By  IL  B.  RIGGS. 

Having  in  hand  the  analysis  of  a  series  of  samples  containing 
iron,  manganese  and  calcium  in  large  amounts,  it  seemed  advisa- 
ble to  test  the  two  analytical  methods  involved,  namely,  the  separa- 
tion of  iron  from  manganese  by  precipitating  it  as  a  basic  acetate, 
and  the  separation  of  manganese  from  calcium  by  means  of  bro- 
mine. The  object  was  not  so  much  to  test  the  accuracy  of  the  ace- 
tate process  as  to  determine  the  conditions  favorable  or  otherwise 
to  its  successful  use.  In  the  case  of  the  manganese-calcium  separa- 
tion on  the  contrary,  the  value  of  the  method  was  in  question,  for 
where  either  or  both  constituents  are  present  in  quantities  its  ac- 
curacy has  been  doubted. 

For  convenience  and  accuracy  standardized  solutions  of  the  three 
substances  were  used.  Piano  wire  was  the  basis  of  the  ferric 
chloride  solution.  This  was  dissolved  in  hydrochloric  and  oxi- 
dized by  means  of  nitric  acid.  The  nitric  acid  was  in  turn  ex- 
pelled by  repeated  evaporations  with  hydrochloric  add.  Last 
traces  of  ferrous  iron  were  oxidized  by  bromine.  The  value  of 
this  solution  was  found  by   means  of  a  standardf   permangate 

solution. 


Weight  of 

FcCU  Solution 

Taken. 


Gms. 

20.32 

20.335 
20.30 


Weifht 
Fe  Found. 


Weight  of  Fe 

in  100  Gms.  of 

Solution. 


Mean. 


Gms. 

o.  14957 

O.15017 

o.  14957 


Gms. 

0-7378) 
0.7385  \ 
0.7383  J 


0.7382 


For  the  manganese  chloride  solution,  manganese  dioxide  was 
the  starting  point.  This  was  digested  with  nitric  acid,  dissolved 
in  hydrochloric  and  nitric  acid — twice  evaporated  to  dryness  and 
filtered — treated  three  times  by  the  basic  acetate  process  (each  time 
allowing  a  considerable  precipitation  of  manganese),  and  recovered 
from  solution  each  time  by  a  bromine  precipitation.     The  last  pre- 

*American  Journal  of  Science,  February,  1892. 

fThe  permanganate  solution  was  standardized  with  the  same  wire  so  that  the  results 
are  relatively  correct. 
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cipitate  was  dissolved  in  hydrochloric  acid  and  the  excess  of  acid 
expelled  by  evaporation.  This  solution  was  standardized  by  de- 
termining the  manganese  as  pyrophosphate. 


(4) 
(5) 


Wei«:htof 

MnClt  Solution 

Taken. 


Gins. 

9.98 
10.095 


Weight 

of  MngPsOr 

Found. 


Weight  of  MnO 

in  100  Cms. 

of  Solution. 


Mean. 


Cms. 

0.1346 
0.1360 


Cms. 

0.6743  I 
0.6735  / 


0.6739 


The  solution  of  calcium  chloride  was  prepared  from  calcium 
carbonate  purified  by  repeated  precipitations,  as  carbonate,  by 
means  of  ammonium  carbonate.  It  was  free  from  iron,  alumina 
and  alkalies. 


(6) 

(7) 


Weight  of 

CaCU  Solution 

Taken. 


Cms. 
20.094 
20.18 
20.19 


Weight 

of 

CaO  Pound. 


Cms. 

0.1 133 
o.  1 136 

0.1 135 


Weight  of  I 
CaOin  100  Cms. 
'    of  Solution.    I 


Cms. 

0.5638) 
0.5632  \ 
0.5630  J 


Mean. 


0.5633- 


My  experiments  began  with  analysis  of  solutions  containing 
known  quantities  of  the  three  substances.  From  this  they  grew 
and  though  the  order  may  be  the  reverse  of  a  logical  one  it  had 
best  be  followed  in  giving  the  results. 

In  the  first  and  second  series  the  quantities  of  iron  and  calcium 
were  constant,  the  manganese  was  variable.  In  a  third  series, 
containing  only  manganese  and  calcium,  the  proportions  of  each 
were  varied.  * 

The  general  mode  of  operating  was  the  following : 

The  solutions  containing,  in  the  first  and  second  series,  the 
equivalent  of  about  o.  2  gms.  of  iron  and  o.  1 7  gms.  of  calcium  oxide 
and  quantities  of  manganese  oxide  varying  from  0.03  to  0.2  gms. 
were  diluted  to  350-400  cc.  To  secure  the  usual  conditions  of 
analysis,  and  because  ammonium  salts  tend  to  hold  manganese  in 
solution,  ID  cc.  of  hydrochloric  acid  were  added.  The  cold  solu- 
tion was  neutralized  with  ammonia  containing  ammonium  carbon- 
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ate.  The  precipitate  that  might  be  formed  was  dissolved  with  as 
little  as  possible  hydrochloric  acid  and  5  g^s.  of  ammonium  ace- 
tate* added. 

For  the  precipitation  of  the  iron  and  the  conversion  of  the  salts 
of  the  other  elements  into  acetates,  this  is  an  unnecessary  excess 
and  because  of  its  possible  reducing  action  on  the  iron,  such  an 
excess  should  in  general  be  avoided.  But,  preliminary  experi- 
ments having  been  made,  it  was  believed  that  with  proper  care  the 
reduction  of  the  iron  might  be  avoided.  To  further  test  this  opin- 
ion and  because  of  the  influence  off  ammonium  acetate  in  holding 
manganese  salts  in  solutions,  this  excess  was  added. 

Two  acetate  precipitations  were  made.  The  iron  was  thrown 
down  a  third  time  with  ammonia.  In  but  two  cases  (Nos.  14  and 
17)  did  the  third  filtrate,  contain  manganese.  In  making  this 
separation  care  was  taken  not  to  digest  the  iron  precipitate  too 
vigorously  nor  too  long  and  as  a  result  there  was  in  no  case  any 
appreciable  reduction. 

The  filtrates  from  iron,  being  united,  were  evaporated  to  400- 
500  cc,  10  cc.  of  ammonia,  followed  by  250-350  cc.  of  bromine 
water,  were  added  to  the  hot  solution,  which  was  then  heated  on 
the  water  bath  until  the  precipitate  gathered  leaving  a  clear  color- 
less supernatant  liquid.  If  digested  over  a  direct  flame  the  sepa- 
ration may  be  hastened. 

The  success  of  this  precipitation  depends  largely  on  treating  the 
solution  hot.  If  bromine  be  added  to  a  cold  solution  the  oxida- 
tion is  slow,  and  often  less  complete.  The  addition  of  bromine 
to  the  solution  already  made  ammoniacal  seems  preferable  to  a 
reversal  of  the  order,  as  it  insures  a  more  uniform  oxidation. 

Three  bromine  separations  were  made,  the  manganese  precipitate 
being  dissolved  in  hydrochloric  and  sulphurous  acids.  In  no  case 
did  the  third  filtrate  show  calcium.  The  first  and  second  filtrates 
from  manganese  were  united.  The  volume  was  reduced  to  300- 
400  gc.  and  the  calcium  was  thrown  down  as  oxalate  and  weighed 
as  oxide. 

*The  ammonium  acetate  was  prepared  by  neutralising^  ammonia  with  acetic  acid  and 
an  amount  taken  which  would  be  equal  to  abiout  5  gms.  ofthe  salt. 

tExperiments  seemed  to  show  that  the  influence  of  ammonium  acetate  in  holding: 
manganese  salts  in  solution,  though  the  solution  be  ammoniacal,  is  somewhat  greater 
than  that  ofthe  chloride  of  ammonium. 
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The  mang^anese  was  weighed  as  pyrophosphate.     The  iron  was 
determined  by  the  standard  solution  of  permanganate. 
The  following  are  the  results  : 


"Weight  of    Weight  of  ■  Weight  of    Weight  of    Weight  of  Weight  of 
Fe  Fe  CaO  '^"'^  ^--^  ^'-'^ 


Taken.    Pound. 


(  9) 

III) 
(m) 

U3) 


Gms. 

0.2254 
0.2248 
0.2252 
0.2251 
0.2254 


Gms. 
0.2251 
0.2251 
0.2248 
0.2251 
0.2253 


Taken. 

Gms. 

0.1699 
0.1700 
0.1700 
0.1700 
0.1702 


CaO 
Found. 


Gms. 

0.1690 
0.1687 
0.1696 
0.1705 
0.1697 


MnO 
Taken. 


Gms. 

0.0341 
0.0680 
0.1092 
0.1500 
0.2043 


MnO 
Found. 


Gms. 
0.0355 
0.0689 
0.1094 
O.I  501 

0.2053 


Error  in  Weight  of 


Fe. 


CaO. 


MnO. 


Gms. 

t             Gms. 

Gms. 

0.0003 — 

0.0009 — 

0.0014-h 

0.0003+ 

0.0013 — 

0.0009-- 

0.0004 — 

0.0004 — 

0.0002 -f- 

0.0000 

0.0005 -- 

O.OOOI-- 

0.000 1 — 

0.0005 — 

0.0010-- 

C  9) 
(10) 

^12) 

CI3) 


Experience  tells  us,  that  in  dealing  with  such  precipitates  as 
those  of  iron  and  manganese,  repeated  precipitation  is  necessary. 
In  analyzing  this  necessity  and  determining  its  limitations  a  series 
of  partial  separations  was  made,  and  the  quantities  of  manganese 
and  calcium  in  each  of  the  several  respective  filtrates  was  deter- 
mined. The  iron,  of  which  about  0.022  gni.  was  added  in  each 
case,  was  undetermined. 


- 

—  - 

- 

- 

— 

- 

Weight  of  MnO  Found  in 

Weight  of 
Taken. 

Weight  of 

MnO 

Taken. 

First             c„^«,i 

Filtrate    ,    p^f~"f 

From  Fe.       F»"rate- 

Third 
Filtrate. 

Total. 

Error. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

(14). 

(16). 

(17). 
(18). 

0.2248 
0.2248 
0.2250 
0.2252 
0.2253 

0-3341 
0.0678 

0.1088 

0.1500 

0.2042 

0.0342 
0.0681 
0.1073 
0.1477 
0.2003 

0.0005 
0.0006 
0.0013 
0.0024 
0.0034 

none 
trace 
none 
none 
trace 

0.0347 
0.0687 
0.1086 
O.1501 
0.2037 

0.0005-f 
O.0006-- 
0.0002 — 

o.oooi-f- 
0.0005 — 

OF  IRON,   ETC. 


of  CaO  Fo 

undln 

ToUl. 

iltratc. 
Second 

Md 

Plltmle. 

Error. 

o.ooas 
0.0044 

0.0074 
0.0038 
0.0059 

0.0023 

Cms. 
0.1695 

0.0004— 

0.0005— 

anganese  in  the  first  filtrate  from 
ade.  In  no  case  did  the  third  fil- 
show. 

necessity  of  two  precipitations  in 
and  calcium  from  iron  and  man- 
lat  seems  superfluous, 
ganese  found  in  the  second  filtrate 
otal  quantity.  It  frequently  hap- 
ng  the  solution,  preparatory  to  the 
K  is  precipitated  and  partially  oxi- 
on  is  impracticable.  The  oxida- 
be  action  of  the  air  than  to  any 
n  separating  manganese  and  cal- 
le  separation  seemed  to  depend,  if 
a  the  above  analyses,  as  well  on 
cipitate  as  on  its  quantity. 
iganese  errors,  with  but  one  ex- 
;  calcium  errors,  with  one  excep- 
e  anticipated.  The  positive  error 
from  the  use  of  a  non-volatile  pre- 
calcium  is  probably  owing  to  the 
utely  insoluble. 

two  precipitations  are  necessary, 
:se  are  either  or  both  present  in 
iwas  made  varying  both  constitu- 
e  previous  analyses  might  be  ap- 
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proximately  kept,  5  gtns.  of  ammonium  chloride  and  10  gms.  of 
ammonium  acetate  were  added  in  each  case.  Only  the  calcium  of 
the  first  mang^anese  filtrate  was  determined. 


(19). 
(ao). 

(ai). 
(22) 

(23)  .. 
(24). 

(25)  - 
(26). 

(37). 
(28). 

(*9)- 
(3°)- 

(31)- 
(32)- 
(33). 
(34). 


Weight  of 

MnO 

Taken. 


Weigrbt  of 

CaO 

Taken. 


Gms. 

0.2042 
0.1020 
0.0508 
0.0207 

0.2039 
0.1020 
0.0516 
0.0204 

0.2037 
o.  1023 
0.0512 
0.0203 

0.2037 
o.  1023 

0.0509 
0.0207 


Gms.' 

o.  1702 

0.1705 
0.1702 
0.1702 

0.0848 
0.0849 
0.0855 
0.0846 

0.0423 
0.0427 
0.0424 
0.0428 

O.OI71 
0.0173 
0.0170 
0.0171 


Weieght  of 
CaO  Pound  in 
First  Filtrate. 


Gms. 

o.  1639 
0.1638 
0. 1662 
0.1682 

0.0779 

0.0831 

lost 

0.0833 

0.0399 
0.0421 
0.0415 
0.0421 

0.0141 
0.0158 
0.0167 
0.0162 


Loss. 


Gras. 

0.0063 
0.0077 
0.0042 
0.0018 

0.0069 
0.0018 

■   •   •   • 

0.0013 

0.0024 
0.0006 
0.0009 
0.0007 

0.0030 
0.0015 
0.0003 
0.0009 


These  results  indicate  that  the  amount  of  calcium,  carried  down 
with  the  manganese,  depends  largely  on  the  relative  quantities  of 
manganese  and  calcium.  However  this  may  be,  it  is  evident  that 
where  the  amounts  of  each  are  not  less*  than  0.02  gm.  a  double 
precipitation  of  manganese  should  be  made. 

Having  introduced  such  large  quantities  of  ammonium  salts  into 
the  solutions,  the  question  of  effect  on  the  oxalate  precipitate  was 
raised.  Attention  has  been  called  to  the  negative  calcium  error. 
Is  this  due  simply  to  the  solubility  of  the  oxalate  or  is  it  the  sum 
of  large  positive*  and  larger  negative  errors? 

In  answer  to  this  suggestion  a  number  of  calcium  determinations 
were  made,  in  which  the  previous  conditions,  as  to  quantity  of 
ammonium  salts  and  volume  of  solution,  were  observed. 

*Tlie  aoarce  of  pofiitive  error  would  be  the  rea^nts  and  glassware.  The  operations, 
ezceptins  tlie  precipitation  of  manganese  by  bromine,  were  carried  on  in  platinum.  The 
ammonium  liyxlrate  and  sulphurous  acid  were  freshly  prepared.  The  other  reagents  were 
carefuUy  tested  ^    ^  ..    , 
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35 
(36 
(37 
(38) 
(39) 
(40) 


Weight  of 
CaO  Taken. 


Gms. 

O.I 136 
O.I  138 
0. 1 136 
O.I 139 
O.II36 
O.I 138 


Weight  of 
CaO  Found. 


Gms. 

d.1131 

0.1 135 
O.II36 

0.1 137 
O.I  132 

0.1 133 


Brror. 


Gms. 
0.0005 — 
0.0003 — 
0.0000 
0.0002 — 
0.0004 — 
0.0005 — 


The  solution  300  cc.  contained  approximately  5  g^s.  of  the 
chloride,  5  gms.  of  the  acetate  and  10  gms.  of  the  bromide  of  am- 
monium. The  inference  is  that  their  influence  in  restraining  the 
oxalate  precipitation  is  slight. 

Summary :  In  precipitating  iron  as  basic  acetate  it  is  probably 
better  to  avoid  a  great  excess  of  the  acetate.  A  considerable  ex- 
cess need  not,  however,  interfere  with  the  separation.  While  an 
acetate  solution  favors  the  reduction  of  iron,  with  care  this  reduc- 
tion may  be  avoided.  The  precipitate  should  not  be  digested  too 
vigorously  nor  too  long. 

In  neutralizing  the  solution,  preparatory  to  the  acetate  separa- 
tion, a  slight  precij)itate  of  manganese,  due  to  oxidation,  is  almost 
always  formed.  This  influences  more  or  less  markedly  the  com- 
pleteness of  a  single  separation.  It  cannot  be  wholly  avoided, 
though  the  effect  of  the  presence  of  ammonium  salts,  in  holding 
manganese  salts  in  solution,  is  probably  beneficial.  While  the 
manganese  remains  in  solution  oxidation  cannot  take  place. 

In  precipitatmg  manganese  from  an  ammoniacal  solution  by 
means  of  bromine  the  presence  of  acetates  is  desirable.  The  oxi- 
dation is  more  rapid,  hence  more  complete  than  in  a  solution  free 
from  acetates.  Bromine  water  should  be  added  to  the  hot  ammo- 
niacal solution.  If  the  solution  be  cold  the  oxidation  is  slow  and 
in  the  end  often  incomplete.  The  addition  of  bromine  to  the  solu- 
tion already  made  ammoniacal  seems  preferable  to  a  reversal  of  this 
order  as  it  insures  a  more  uniform  oxidation. 

Where  either  the  calcium  or  the  manganese  is  in  excess  of  0.02 
gms.  two  precipitations  are  necessary. 

In  conclusion  it  may  be  said  that,  in  the  hand  of  a  careful  ana- 
lyst, both  methods  are,  according  to  present  standards  accurate. 

Chbmicai,  Laboratory,  Trinity  College, 
•H^^jFOREj  November,  1891. 


INVESTIGATION  OF  MILK  TESTS.* 

COMPARISON    OF   BABCOCK  TEST  WITH  THE  CHURN  AT  THE 
AMERICAN   DAIRY  SHOW  AND   AT  THE  STATION. 

By  E.  H.  Parrington. 

The  milk  given  at  one  milking  at  2.30  p.  m.,  November  i8th, 

by  the  two  Brown  Swiss  cows  tested  at  the  dairy  show  at  Chicago, 

was  taken  for  churning.     The  milk  weighed  52  lbs.,  and  by  test 

contained  1.971  lb.  butter  fat.     It  was  run  through  a  "Baby" 

hand  separator  No.  2.    Several  samples  of  the  skim-milk  were  taken 

as  it  came  from  the  separator,  which  showed  only  a  trace  of  butter 

fat.     The  cream  weighed  10.25  ^^s.,  or  19.7  per  cent,  of  the  new 

milk.     The  tests  showed  that  the  cream  contained  19.23  per  cent. 

butter-fat.     This  cream  was  ripened  for  about  24  hours  and  then 

churned.     The  details  of  the  results  are  given  in  the  table  below. 

During  the  progress  of  the  Dairy  Show  a  working  dairy  was  in 
operation.  For  this  thirty  cans  of  milk  were  received.  Wednes- 
day, Nov.  18,  this  milk  weighed  2,035.25  lbs.  It  was  put  in  a 
large  vat,  warmed,  and  thoroughly  mixed.  The  thoroughness  of 
the  mixing  is  illustrated  by  the  fact  that  tests  of  four  samples 
showed  no  variation  in  the  per  cent,  of  butter-fat.  One  sample 
was  taken  from  the  middle  of  the  vat,  two  from  the  ends,  and  one 
from  the  first  milk  drawn  from  the  faucet.  The  milk  contained 
4.15  per  cent,  of  butter-fat,  or  84.45  ^t)S.  in  the  2,035.25  lbs.  milk. 

This  milk  was  run  through  a  separator  in  65  minutes.  The  speed 
of  the  separator  was  said  to  be  6,000  revolutions  per  minute.  Traces 
only  of  butter-fat  were  found  in  four  samples  of  the  skim- milk 
taken  during  the  process  of  separation.  It  required  9.8  cc.  of  one- 
tenth  normal  alkali  to  make  50  cc.  of  the  milk  neutral.  After 
ripening  for  24  hours  the  cream  was  churned.  Details  are  given 
in  the  table  above. 

The  butter  obtained  from  the  52  lbs.  of  Brown  Swiss  milk  was 
about  3  oz.  more  than  the  butter-fat  in  the  same  milk,  as  indicated 
by  the  tests  of  the  new  milk.  The  butter  obtained  from  the 
2,035.25  lbs.  of  milk  used  in  the  working  dairy  was  20  lbs.  more 
than  the  butter  fat  shown  by  tests  of  the  milk.  This  is  an  increase 
of  the  chum  over  the  test  of  11. 5  apd  23.6  per  cent,  respectively. 

*Bttnetln  Agrl.  Bzpt.  Station,  Champaigrn,  111..  Nov.,  1891. 
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Results  Obtained  from  the  Chumings. 


Weight  of  cream  churned 

Temperature  of  cream  churned 

Temperature  of  buttermilk 

Time  of  churning 

Acidity  of  cream  [50  cc.  =1-10  normal  alkali]  . 

Weight  of  buttermilk,  lb 

Pec  cent,  of  fat  in  buttermilk 

Weight  of  salted  butter  from  chum,  lb 

Weightof  butter-fat  by  test  of  milk,  lb.     .    .    . 


Diflereuce  . 


Analysis  of  butter — 

Water,  per  cent.  .  . 
Butter -fat,  per  ceat 
Salt,  per  cent    .   .  . 


TdUI 


□  the  milk  used,  as  shown 


Difference — loss  or  gain 


IS  of  total  butter-  ' 


6i»F. 
59°  P- 
65  min. 


77.24 

6.6 

0.76 

8a. 

1.689 
0.09 

85.S9 

a6i 

1.779 

86.30 

I-97I 

84,46 

—0.193 

+  ..84 

From  analyses  of  the  butters,  with  the  records  of  weights  of  but- 
ter and  butter-tnilk,  the  account  kept  with  the  Brown  Swiss  milk 
shows  a  loss  of  0.19  lb.  butter  fet.  or  9.7  per  cent,  of  the  total 
weight  of  butter-fat  in  the  milk  started  with.  Although  this  is 
not  tha  finest  working  that  can  be  done,  so  small  a  quantity  could 
easily  be  lost  by  adhering  to  the  dairy  utensils  of  processes  through 
which  the  milk  passes  to  make  butter.  The  account  kept  with 
the  2,035.25  lbs.  of  milk  in  the'working  dairy  shows  an  increase  of 
1.84  lb.  of  butter  fat  over  the  total  quantity  in  the  fresh  milk  as 


INVESTIGATION   OF  MII.K   TESTS.  IO3 

tested.       Tliis   figurative  creation  of  butter-fat  in  excess  of  what 

there  ^ras  in  the  milk  is  probably  due  to  the  water  that  the  13 

wooden  boxes  absorbed  after  they  were  weighed.     The  helper  who 

packed  tbe  butter  into  boxes  from  the  chum  had  weighed  the  dry 

boxes,  tben  dipped  each  one  into  cold  water,  filled  it  with  butter, 

and  {rem  the  total  weight  subtracted  the  weight  of  the  dry  box,  so 

that  the  water  absorbed  by  the  boxes  appears  as  weight  of  butter. 

The  salt  added  to  the  butter  from  the  Brown  Swiss  milk  was 

not  weighed,  but  estimated  by  the  helper,  and  the  analysis  of  the 

butter  shows  an  excessive  quantity. 

A  comparison  of  the  test  and  the  chum  has  been  made  at  the 
dairy  of  this  Station,  together  with  an  analysis  of  the  butter,  and 
the  accounts  balanced  well.  This  work,  except  the  last  two  chum- 
ings.  was  done  by  one  person,  and  the  dairy  utensils  used  were 
carefully  cleaned  to  prevent  any  loss  of  butter-fat  in  the  process. 
The  milk  used  was  from  one  Jersey  cow  about  one  month  after 
calving.  In  four  trials  the  milk  was  set  in  Cooley  cans  with  bot- 
tom faucet.  Another  trial  (the  third  in  the  tables)  was  made  by 
setting  the  milk  in  shallow  pans,  which  were  the  common  kind 
used  for  this  purpose,  but  with  a  hole  at  one  side  near  the  bottom. 
This  hole  was  closed  with  a  cork  until  time  to  skim  the  milk,  when, 
by  pulling  the  cork,  the  skim-milk  was  drawn  off  till  the  cream 
fell  to  the  hole  and  then  the  cork  was  replaced. 

The  results  from  the  five  chumings  (next  page)  illustrate  a 
gradual  change  from  a  loss  to  a  profit  by  attention  to  the  proper 
temperature  and  acidity  of  the  cream  churned.  In  the  first  trial 
the  temperature  of  the  cream  was  too  high  and  the  cream  was  not 
sour  enough.  This  caused  a  loss  of  5.3  per  cent,  of  butter-fat  in 
the  buttermilk ;  and  the  butter  obtained  was  10  percent,  less  than 
the  total  quantity  of  butter-fat  in  the  milk  used. 

A  test  of  the  buttermilk  is  a  good  guide  for  judging  of  the 
thoroughness  of  the  churning,  and  in  the  above  record  it  can  be 
seen  that  the  per  cent,  of  butter  fat  in  the  butter-milk  gradually 
decreases  from  the  first  to  the  fifth  trial,  in  which  the  cream  was 
churned  in  about  proper  condition  as  to  temperature  and  acidity, 
giving  a  butter-milk  which  contained  only  o.i  per  cent,  butter- fat 
and  a  weight  of  butter  16  per  cent,  greater  than  the  butter-fat  in 
the  original  milk.     The  butter  was  weighed  and  a  portion  taken 
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Record  of  the  Weights  and  Tests  of  the  Whole  Milk  and  Skim-Milk, 


Date. 


Whole  Milk. 


Pounds 


Butter  Pat. 


Per 
cent. 


Pounds. 


Milk  set  in 
Cooley  Cans  in 
a  Refrigerator. 
Temperature     ^vaxd  s 
450t0  480F.       '^"""  » 


Skim-Milk. 


Butter-Fat. 


Per 
cent. 


Pounds. 


First  Trial — 


Oct  16,  a.  m. 

12.18 

3-9 

Oct.  16,  p.  m. 

10.18 

5.8 

Oct.  17,  a.  m. 

11.64 

4.1 

Oct.  19,  a.  m. 

11.43  ' 

3.6 

Total 


0.475 

0.59 
0.479 

0.41 1 
1.955 


24  hours 

12 

48 

24 


«( 


C( 


(i 


9.5 
7.93 
9.43 
925 


0.2 

1.2 
0.1 
0.2 


0.019 
0.095 
0.009 

o.orS 
0.141 


Second  Trial — 


Oct  19,  p.  m. 
Oct.  20,  a.  m. 
Oct.  20,  p.  m. 
Oct  21,  a.  m. 

Total  .   . 


10.5 

5.8 

12 

5.3 

10.21 

5.2 

12.56 

4.7 

1 

0.609 
0.636 

0.531 
0.589 

2.365 


36  hours 

24 
12 

48 


<( 


<i 


<t 


8.18 
9.12 
9.12 
10 


0.4 

1  0.0327 

0.4 

0.0364 

0.4 

,  0.0365 

0.2 

1  0.02 

0.1256 


Third  Trials  Milk  Set  in  SliallowPans^  Temperature  ^5°  to  4.8^  F, — 


Nov.  5,  a.  m. 
Nov.  5,  p.  m. 
Nov.  6,  a.  m. 
Nov.  6,  p.  m. 

Total  .    . 


Fourth  Trial — 


9-75 

3.7 

'    8.5 

4.6 

1    9-84 

4.1 

8.56 

5-2 

0.36075 
0.391 

0.40359 
0.44525 

1.60059 


24  hours 
12 

24 
12 


8.437 
7.18 

8.312 
6.75 


0.05  0.004218 

0.4  0.02872 

0.1  0.008312 

0.2  0.0135 


0.05475 


Oct.  3 1,  p.  m. 
Nov.  I,  a.  m. 
Nov.  I,  p.  m. 
Nov.  2,  a.  m. 

Total  .    . 


8.18 
9.69 

7.51 
10.37 


4 

3.9 
5 
5.2 


0.3275 
0.3778 

0.375 
0.5395 

1. 6198 


36  hours 

24 
12 

24 


It 


6.375 
7.75 
5.593 
7.75 


0.2 
0.2 
0.7 
0.2 


0.01275 
0.0155 
0.03916 
0.0155 

0.08291 


Fifth  Trial — 


Nov.  8,  p-  m. 
Nov.  3,  a.  m. 
Nov.  4,  a.  m. 
Nov.  4,  p.  ni. 

Total  .    . 


8.93 
988 

11.25 
7.94 


5 
4.6 

4.4 

5.7 


0.4468 
0.4542 
0.492 
0.4524 

1.8454 


36  hours 

24 
48 
12 


ii 


i( 


<( 


6.437 
7.312 

9 
5.562 


0.2 
0.1 
0.1 
I 


0.01287 
0.00731 
0.009 
0.0556 

0.08478 
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First 
Trial. 


Temperature  of  cream  churned,  P.  1 
Temperature  of  butterxbilk,  P.  .    . 
Time  of  churning,  minutes .... 
Acidity  of  buttermilk  [50  cc. =1-10 

normal  alkali] 

Weight  of  buttermilk,  lb 

Per  cent,  of  fat  in  buttermilk  .   . 
Wt  of  unsalted  butter  from  churn 
Wt  of  butter-fat  by  test  of  milk   . 

Difer'e — loss  or  £^ain  in  the  process 

Per  cent  which  loss  or  gain  was  of 
total  butter-fat  in  milk  used  .   . 


Anal3rsis  of  butter — 
Water,  per  cent.  .    . 
Butter-fat,  per  cent. 
Curd,  per  cent    .    . 


Total 


Pounds  of  batter-fat  in  the  butter  . 
Pounds  of  btitter-fat  in  the  butter- 
milk    

Pounds  of  bntter-fat  in  skim -milk  . 


Total 


Pounds  of  butter-fat  in  the  milk 
used,  as  shown  by  test 

Difer'e — ^loss  or  gain  in  the  process 

Per  cent,  which  loss  or  eain  was  of 

total  butter-fat  in  milk  used  .   . 


68*» 

64 
15 

13  cc. 
8 

5.3 

1.75 

1.955 


.205 


-10.4 


19-56 

78.94 

1.5 

100.00 

I.381 

0.424 
0.I4I 

1.946 


Second 
Trial. 


Third 
Trial. 


8o<» 

74 
3 

35.5  cc, 
8.56 

4.9 

2.34 
2.365 


025 


—1.06 


21.33 
77. 
1.67 

100.00 

I.8018 

0.4194 
0.1256 


1.955  1     2.365 


,009 


-0.46 


.018 


66*» 

62 

10 

28.5CC. 

3.875 
1.25 

1. 8125 

1.6006 


Fourth 
TrUl. 


62*» 
60 

7 

36.5CC. 
6 

0.35 
1.84 

1.619 


Fifth 
Trial. 


58« 

58 
20 

41.6CC. 
6.78 
0.1 
2.156 
1.848 


4-0.2119-1-0.221   -(-0.308 


+13.94 


15.66 
82.54 

1.8 


+13.64   '+16.6fi 


14-95 

83.27 

r.78 


15 
83.2 

:  1.8 


100.00  100.00 

1.496!  1.535 
0.0484  0.021 


0.0547 


2.34701  1.5991 


1.6006 


0.083 
1.639 


-0.7 


1.619 
.0015  -1-0.02 

—0.1        |+1.«3 


100.00 

1.7939 

0.0067 
0.0847 

1.8853 


1.848 

i   ■ 

4-0.037 


+2. 


for  analysis  before  it  had  been  worked.  This  accounts  for  the 
large  per  cent,  of  curd  found  by  the  analysts.  The  cream  used  in 
these  fivechumings  was  separated  from  the  milk  in  different  ways. 
All  the  milk  was  set  at  a  temperature  of  45°  to  48°  F.,  either  in 
Cooley  cans  with  bottom  faucets,  or  in  shallow  pans.  The  cream 
was  not  skimmed  from  the  milk  in  the  shallow  pans,  but  the  skim- 
milk  was  drawn  off  at  the  bottom  of  the  can  as  before  described. 

This  figure  illustrates  a  device  for  measuring  the  acid  used  with 
the  Babcock  milk  test.     By  this  arrangement  the  glass  automatic 


*-ur,^^-A 


''■^■'''^P^JIB 
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pipette  can  be  put  through  the  cork  of  any  bottle  of  acid,  which 
is  also  kept  closed,  thus  preventing  any  change  in  the  strength  of 
the  acid. 

A  system  of  valves  is  so  arranged  in  the  rubber  bulbs  E,  /%  that 
by  squeezing  F  in  the  hand  air  is  forced  through  the  tube  H  into 
the  bottle  of  acid  M,  This  pressure  of  air  forces  the  acid  through 
the  tube  A^up  into  the  pipette  D  until  it  overflows  at  B\  then  by 
turning  the  cock  so  that  c  and  d  change  places  the  connection  is 
closed  between  the  bottle  and  pipette  and  opened  from  the  pipette 
out  through  the  tube  A  from  which  the  measured  acid  is  delivered 
into  the  test  bottlfe. 

The  end  of  the  tube  H  inside  the  bottle  should  not  touch  the 
acid,  but  the  end  of  the  tube  K  should  always  be  in  it.  This  tube 
A' should  be  of  stout  glass  with  an  inside  diameter  of  3-16  in.,  the 
holes  through  the  glass  cock  should  be  ^  in.,  and  the  delivery 
tube  Ay  from  the  pipette  to  the  test  bottle,  should  have  an  inside 
diameter  of  yi  in.  and  an  outside  diameter  of  7-32  in. 

MARKING   TEST   BOTTLES. 

The  common  practice  now  is  to  mark  milk  test  bottles  with  a 
numbered  ring  or  band  of  copper  around  the  neck  of  the  bottles. 
In  keeping  up  the  supply  of  test  bottles  it  often  happens  that 
new  ones  have  the  same  numbers  as  those  already  in  use.  Two 
bottles  with  the  same  number  may  cause  confusion  and  guess  work, 
if  two  different  samples  of  milk  are  tested  in  them  at  the  same 
time.  The  enlarged  end  of  the  neck  of  the  test  b6ttle  often  breaks 
off  and  though  the  break  may  not  be  sufficient  to  prevent  using  the 
bottle,  the  copper  band  easily  slips  off  and  is  lost. 

A  simple  and  efficient  way  of  marking  test  bottles  is  to  grind  a 
label  on  them  with  a  file.  Wet  with  water  a  flat  side  of  a  three- 
cornered  file  and  use  the  wet  side  of  the  file.  File  a  space  about 
one-fourth  inch  square  at  any  convenient  place  on  the  test  bottle, 
thus  making  the  smooth*  surface  of  the  glass  rough  and  on  this 
ground  label  mark  numbers  with  a  lead  pencil.  A  good  place  to 
file  the  label  is  either  above  or  below  the  graduation  on  the  neck 
of  the  test  bottle. 


17^ 
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:OMPOSITE   MILK  SAMPLES   TESTED  FOR  BUTTER-FAT. 

eport  was  made  in  bulletin  No.  i6  of  this  Station  of  trials  at 
;amery  of  H.  B.  Gurler,  DeKalb,  and  at  the  Station  dairy  of  a 
id  of  using  composite  samples  in  testing  milk.  The  method 
lecting  the  samples  was  first  described  by  Professor  Patrick 
!letin  No.  9  of  the  Iowa  Station.*  The  formula  tested  in  the 
made  at  DeKalb  had  been  sent  by  Professor  Patrick  to  Mr. 
r  at  his  request.  As  pointed  out  by  Professor  Patrick  an  ob- 
1  to  his  method  is  that  the  preservative  used  is  a  violent 
1.  To  avoid  this  objection  a  comparison  was  made  of  his 
id  with  one  suggested  by  the  writer,  in  which  the  milk  was 
>isoned  but  collected  for  a  week  and  allowed  to  sour.  By 
5  to  a  pint  of  the  sour  milk  about  one-half  a  teaspoonful  of 
dered  lye"  and  mixing  carefully,  it  was  demonstrated  that 
jsite  samples  of  milk  could  be  accurately  tested  for  butter-fet 
ut  the  use  of  corrosive  sublimate. 

s  use  of  "powdered  lye"  has  proved  very  practical  and  satis- 
y  in  a  number  of  creameries  during  the  past  six  months  and 
;  in  constant  use  by  them.  It  has  been  found  to  be  advan- 
11s  to  add  the  lye  to  the  milk  the  night  before  the  test  is  to 
de,  and  in  not  too  great  quantity.  Adding  too  much  lye 
i  the  milk  stringy  or  clotted.  When  small  lumps  of  curd 
Dw  in  breaking  up,  a  more  complete  mixing  is  obtained  by 
g  the  jar  of  milk  into  warm  water  at  about  140°  F. 
H.  B.  Gurler,  DeKalb,  111.,  contributes  the  following  state- 
and  figures  obtained  by  his  use  of  the  methods : 
am  satisfied  that  the  use  of  lye  in  the  weekly  composite  sam- 
uts  them  in  condition  to  give  a  correct  sample  for  testing. 
,e  weather  gets  cooler  we  use  less  of  the  lye,  and  there  is 
need  of  warming  the  jars  containing  the  composite  samples, 
cream  is  liable  to  adhere  to  the  sides  of  the  jars  if  lye  is  not 
md  they  are  not  warmed.  On  the  whole  we  are  very  much 
d  with  the  use  of  the  lye. 

he  following  table  gives  the  tests  or  per  cents,  of  butter-fat  in 
;ekly  composite  samples  of  milk  brought  to  the  creamery  by 
f  patrons  during  October. 

alBothiajDuniBia.  4JI. 
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Butter-Fai  Shown  by  Weekly  Composite  TestSy  Per  Cents, 


No.  of  Patron. 


Week  Ending  October 


and 


I 
2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 

13 

14 

15 
16 

17 
18 

19 
20 


4.3 
3.6 
3.6 
3.6 
3.8 
3.9 

3.8 
4.4 

3.5 
4 

3.9 
3.6 

3.9 

4 

3.7 

4 

3.6 

3.6 

4.2 

3.6 


9th 


4 

3-3 

3.5 

3-5 

3.6 

3.6 

3.8 
4.8 

3.6 

4.3 
3.7 
3.7 
3.7 
3-9 
3.8 
3.6 
3.6 

4 
4.6 

3.6 


17th 


4 

3.6 

3.6 

4 
3.6 

4 

3.8 

4.4 

3.4 

3.8 

3.7 

3-7 

3.7 

3.9 
3.8 

3.6 

3.6 

4 
4.6 

3.6 


24th 


30th 


4.4 

3-7 

3.7 

4 

3.6 

4.1 

3.4 

4 

3.8 

4 

4.4 

3.4 

4 

4 

4 

4 

3.6 

3.8 

4 

4 


4-2 
3.5 

3.7 
4.2 

3.6 

3-9 
3.6 

3-9 
out 

4.4 

3-2 

3.4 

3-8 
4.1 

4.1 
4.1 

3.7 
3.6 
4.2 

3.8 


**Some  of  the  variations  I  can  account  for.  No»  n ,  for  instance, 
had  a  steady  increase  in  milk  from  fresh  heifers.  Some  had  a  de- 
crease from  their  cows  drying  off.  In  the  summer  months  when 
the  conditions  of  the  different  dairies  were  more  uniform,  the  tests 
ran  with  a  surprising  uniformity.'* 

CREAM   SEPARATION,    TEST   OF   METHODS. 

A  number  of  trials  were  made  to  observe  the  completeness  of 
the  cream  separation  after  the  milk  had  been  set  in  Cooley  cans, 
temperature  45°  to  48°  F.,  12,  24,  36,  and  48  hours.  Tests  for 
butter-fat  were  also  made  of  the  skim-milk  in  the  bottom  and  the 
middle  of  the  can,  and  of  that  last  drawn  off. 

The  results  show  that  cream  is  often  lost  if  the  skim-milk  is 
drawn  off  nearer  than  one  inch  from  the  bottom  of  the  cream. 
The  variation  in  the  tests  given  in  the  table  on  p.  29  under  the 
column  headed  **last  skim-milk"  shows  the  necessity  of  caution 
in  skimming  close  to  the  cream.  Drawing  off  the  skim-milk  to 
within  one  inch  of  the  bottom  of  cream  can  be  done  without  loss 
of  cream,  if  the  faucet  is  set  so  that  the  skim-milk  does  not  stop 


'^raS:- 


no 
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running  until  it  has  reached  the  point  where  you  wish  it  to  stop ; 
repeated  opening  and  closing  of  the  £iucet  has  a  tendency  to  mix 
the  cream  so  that  it  flows  out  with  the  skim-milk. 

The  summary  of  this  table  shows  that  when  the  milk  of  this 
cow  was  set  in  cans  to  the  depth  of  ten  inches  the  most  butter-fat 
was  obtained  in  the  cream  when  the  milk  had  been  set  48  hours. 

Records  of  the  Weights  and  Tests  of  the  Whole  Milk  and  Skint- Milk, 


Date. 


New 

Milk 

Set. 

lb. 


Per  Cent;  Butter- Pat  in 


Milk 

Used. 


Skim-Milk  Drawn. 


Bottom  Middle    Last      Total 


Percent,  of  Total 

Butter  Fat  of 

New  Milk  Left  in 

Skim-Milk. 


Milk  skimmed  after  standing  12  hours — 


Oct.  16 . 
Nov.     I  . 

Nov.  4  . 

Nov.  5  . 
Nov.     6 


10.18 

5.8 

0.6 

0.8 

2 

7.5 

5 

0.4 

0.6 

0.7 

.  .  .    7.93 

5.7 

0.5 

0.8 

3-9 

*«.5 

4.6 

0.1 

0.2 

1.9 

*8.56 

5.2 

0.2 

0.3 

0.5 

1.2 

0.7 

I 

a4 

0.2 


I^'«  I  Average 


*7.34 
*3.o3 


I 


;^:f  f  -.87 


}   5.18 


,  Milk  skimmed  after  standing  24.  hours — 


Oct 

Oct. 

Oct 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 


16 12.22 


19 
20 

I 

2 

3 

5 
6 


11.43 
12 

9.68 

10.37 

9.87 

*9.75 
*9.84 


3.9 
3.6 

5-3 
3.9 
5.2 
4.0 

3.7 
4.1 


o 

o 

o 

0.2 

o 

o 

o 

o 


o 

O.I 

0.3 

o 
o 
o 
0.2 


0.5 

1-9 

0.7 

0.3 
2.2 

0.4 

1.4 

0.4 


0.2 
0.2 
0.4 
0.2 
0.2 
0.1 
0.05 

O.I 


3-9 

4.38 

5.34 

4-1 
2.87 

1.6 

»i.i7\ 

*2.o6/ 


3.7 


1.62 


Milk  skimmed  after  standing  j6  hours — 


Oct  19 
Oct.  31 
Nov.      2 


10.5 
10. 1 8 

8.93 


5.8 

4 

5 


o 
o 
o 


0.2 

O.X 

0.1 


6.6 

0.4 

0.8 

0.2 

2.1 

0.2 

4.05 


Milk  skimmed  after  standing  4.8  hours — 


Oct. 
Oct 
Nov. 


17 
21 

4 


11.68 

4.1 

0 

0 

0.4 

0.1 

12.59 

4.7 

0 

0 

1.8 

0.2 

11.25 

4.4 

0 

O.I 

1.6 

O.I 

3.4  [ 
I.8IJ 


2 

3 


2.4 


Milk  diluted  with  an  equal  weight  of  water  and  skimmed 
after  standing  2  hours — 


Nov.     7 I    9.62 ,   4.9   I   0.4   '   0.5   I   0.5 

^Shallow  pan,  milk  3  inches  deep. 


0.5 


17.2 
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This  was  not  mucli  better  than  setting  the  milk  24  hours,  butcx)n- 
siderably  better  tban  setting  12  hours.  An  average  of  2.4  percent, 
of  the  total  butter- fat  in  the  new  milk  was  lost  in  the  skim-milk 
when  skimmecL  after  48  hours  standing ;  4.05  per  cent,  after  36 
hours;    3.7,  after  24  hours;  and  12.87,  ^ft^r  12  hours. 

SuntTnar-y^  — F^er  Cent,  of  the  Total  Butter-Fat  in  the  Milk 

Left  in  the  Skim-Milk. 


Milk  Set  in  Cans. 
Depth  of  Milk,  lo  Inches. 


Time  of  setting,  b. 
Per  cent,  of  total 


Milk  Set  in 
Shallow  Pans. 


12 

12.87 


24 


36         I  48 
4-05        2.4 


12  24 

5.18,     1.62 


Diluted  with 
One-half  Water. 


2 
17.2 


Milk  Set  in  Shallow  Pans  j  Inches  Deep  and  in  Bottles 

6  and  g  Inches  Deep. 


o 
6 

:5 


Temp.  F.  of 
Milk  when 


Per  Cent,  of  Butter  Fat  in 


Manner  of  Setting. 


^ 


Shallow  pan,  depth  3 

inches 

Bottle,  depth  6  inches 
Shallow  pan,  half  wa- 
ter, 3  inches  .... 

Shallow  pan,  depth  3 

inches 

Bottle,  depth  9  inches 
Pan,  half  water,  3  in. 

Shallow  pan,  depth  3 

inches , 

Bottle,  depth  9  inches 
Pan,  half  water,  3  in. 


95^ 
95 

73 


1 


Skim-Milk  After  Standing. 


9 
o 


C4 


82°    77' 


71 


70 


97      85      79 
97   t  .    • 


75 


96 
96 
76 


72 


72 


3-3 
3.3 

3-3 


2.9 
2.9 
2.9 


2.9 


in 

u 

O 


1.9 
2.3 

i 

'0.4 


2.5    '2 
2.7      2.3 
0.6      0.4 


m 

\* 
s 
o 

W 


Hours. 

e 

s 
0 

*o 

OS 

0.8 

0.6 

1.4 

0.9 

O.I 

0.05 

I 

0.6 

9 
O 


O.I 


1.5 
2.1 

0.25 


1.6     I        0.6    0.15 
2      ;i.5  ,1.2  lo.s 
0.3    0.15 '0.05 1  .   . 


85  :  82  1 3.45  2.4  1 2 


86 
74 


82  1 3.45  2.8  : 2.4 


1.6 
2.2 


I 
1.6 


0.7    0.4 
1.2    0.9 


74     3-45  0.5     04   1 0.3     0.1     0.05 


One  trial  of  separating  the  cream  by  diluting  the  milk  with  an 
equal  volume  of  water,  showed  that  17.2  per  cent,  of  the  total  but- 
ter-fat was  lost  in  the  skim-milk  when  skimmed  after  2  hours 
standing.     The  results  obtained  from  setting  the  milk  in  shallow 
pans  showed  the  most  complete  ^paration  of  cream  in  this  trial. 
Only  1.62  per  cent,  of  the  total  butter-fat  of  the  milk  was  lost 
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in  the  skim-milk  after  standing  24  hours,  and  5.18  per  cent,  after 
standing  12  hours. 

More  uniformly  complete  separations  of  cream  than  any  of  the 
above  can  be  obtained  by  using  a  **Baby  "  hand  separator,  which 
we  have  repeatedly  tested,  obtaining  skim-milk  with  less  than  o.i 
per  cent,  butter-fat. 

Equal  Parts  New  Milk  and  Water. 


1 

1 

Temperature,  F. 

1 

i 

a 
I 

u 

0 

Per  Cent. 

of  Butter-Pat  in 

1 

Diluted 
Milk. 

.     Diluted  Skim-Milk  after 

i 

« 

• 

1 

a 
u 

•v4 

■ 

u 

1 

• 

1 

m                                • 

<^ 

V 

S       n    1 

X 

a  .  a 

74°. 

88° 

54°' 

68° 

• 

7.3 

•      • 

I.I 

•        ■ 

NO               0^ 

Cow  No.  I. —July  I 

.      .0.4 

"      2 

77 

98 

60 

76 

•         ■     ' 

7.3 

5.8 

1.2 

*       • 

.           ,0.5 

"     3 

73 

98 

59 

76 

• 

7.3 

5-6 

1.3 

•         « 

.      .        0.5 

"     9 

72 

99 

58 

73 

74 

7.4 

5-9 

1.7 

1.3 

0.6        0.5 

"    10 

73 

99 

58 

74 

74 

7.4     5-4 

1.7 

1.2 

0.8        0.5 

"    II 

75 

99 

59 

76 

74 

7-4 

6.3     i.s 

1.3 

.      .        0.4 

• 

Cow  No. 2.— July  I 

74 

88 

54 

66 

7.5 

•              « 

0.3 

•         • 

1 
.      .       0.0 

"     2 

77 

98 

60 

75 

■      • 

7.3 

•      ■ 

0.8 

•         ■ 

.       .    ,    0.2 

"     3 

73 

98 

59 

76 

•       • 

7.3 

•             • 

0.7 

•         ■ 

.      .       0.15 

Cow  No.  3.— July  9 

72 

99 

58 

74 

75 

1 
5-9     3.5  1  0.6 

0.5 

0.2      0.2 

"    10 

73 

99 

58 

75 

75 

5.9    2.9 

0.7 

0.5 

0.3      0.2 

••    II 

75 

99 

59 

76 

75 

5.9 

3.2         0.6 

0.5 

.     .      0.15 

Cow  N0.4.— July  I 

74 

88 

54 

66 

•       • 

6 

1 
•       -0.3 

■         * 

.     .      0.15 

"      2 

77 

98 

60 

75 

•      • 

4-5  ''  2.8 

0.7 

•         • 

.     .  ,  0.4 

"     3 

73 

98 

59 

76 

m          • 

4.5 

2.8  '  0.6 

• 

•     .      0.35 

"     9 

72 

99 

58 

75 

75 

5.9 

2.9 

0.8 

0.4 

0.2      0.2 

*'    10 

73 

99 

1  58 

76 

75 

5.9     2.6  1  0.9 

0.5 

0.3     O.I 

•'    II 

75 

99 

59 

77 

75 

5.9     3 

1 

•        • 

•         • 

•          •      1         ■          • 

Cow  N0.5.— July  I 

74 

88 

54 

66 

■       • 

5.9 

. ,  0.4 

•         ■ 

.     .  '  0.15 

••      2 

77 

98 

60 

74 

•      • 

4.4  1  3-4  ;  0.8 

•         • 

.     .  1  0.3 

"      3 

73 

I9« 

59 

76 

■       * 

4.4     3 

0.7 

•         • 

•          • 

0.25 

Mixed  Milk  July  i 

74 

88 

1 
54 

68 

.    . 

7.4     .    . 

0.35 

•         ■ 

.     .      0.2 

Cowsi, 2,4,5,  '*     2 

77 

98 

60 

75 

•      • 

5.9     3.8 

0.6 

■         • 

1 

•          ■ 

0.25 

"     3 

73 

98 

59 

76 

•       ■ 

5.9 

3-45  0.7 

•         • 

.     •      0.35 

Mixed  Milk, July  9 

72 

98 

I58 

73 

75 

1 
7.4  1  3.3     0.6 

0.4 

0.15    O.I 

Cows  1,3,4,    "    10 

73 

98 

58 

75 

75 

7.4  '  2.9    0.65 

0.4 

'  0.3  \  0.2 

'*    II 

75 

1  ^ 

59 

76 

75 

7.4 

t 

3.45 

0.6 

0.4 

0.3 

0.2 

During  the  hot  weather  in  July  a  comparison  was  made  of  the 
rate  at  which  cream  would  rise  when  the  milk  was  3,  6,  and  9  in. 
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deep.  A  mixture  of  milk  from  several  cows  was  used  and  it  was 
set  in  a  room  where  the  temperature  was  about  70°  F.  In  each 
trial  the  cream  rose  faster  and  more  completely  in  the  shallow 
pans  3  in.  deep  than  when  set  in  bottles  6  or  9  in.  deep.  See  fore- 
going table  for  results. 

CREAM   RAISING    BY  DILUTION. 

The  observations  here  recorded  include  a  comparison  of  the  rate 
at  which  cream  rises  in  hot  weather,  when  the  milk  of  different 
cows  is  diluted  with  an  equal  volume  of  water.  The  benefits  of 
this  practice  are  supposed  to  be  obtained  by  dairies  which  do  not 
have  ice  or  a  cool  place  in  which  to  set  milk,  and  where  in  hot, 
muggy  weather  the  milk  sours  before  all  the  cream  rises.  Under 
such  circumstances  it  has  been  -suggested  that  the  cream  can  be 
separated  at  once,  by  adding  cold  water  to  the  new  milk. 

The  following  trials  were  made  to  demonstrate  how  thoroughly 
the  cream  can  be  separated  in  this  way,  and  what  results  would 
be  obtained  with  the  milk  of  different  cows.  About  one-half  a 
pint  of  new  milk  was  mixed  with  the  same  quantity  of  water. 
The  mixture  was  put  into  wide  mouthed  glass  bottles  with  a  fau- 
cet at  the  bottom  by  which  portions  of  skim-milk  were  drawn  off 
for  testing.  The  mixture  filled  the  bottles  to  a  depth  of  4  in. 
The  temperature  of  the  milk  was  about  98°  F.  when  mixed  with 
water  of  about  58°  F.  The  temperature  of  the  mixture  was  about 
75°  F.,  and  it  was  kept  in  a  room  where  the  temperature  ranged 
from  66**  to  76°  F.  A  test  was  made  of  the  skim-milk  after  the 
mixture  had  stood  i,  2,  6«  and  9  hours. 

The  details  are  given  in  the  foregoing  table : 

The  milk  used,  250  cc.,  was  carefully  measured  each  time.  A 
calculation  has  been  made  to  show  the  per  cent,  of  the  total  butter 
fat  of  the  milk  which  was  left  in  the  skim-milk. 

Percentage  of  Total  Butter-Fat  Left  in  the  Skim-Milk, 


Milk  Set.  I  Hour. 


Cow  No.   I,  av.  of  6  trials 46 

3.  *'      3      *'      35.5 

4,  •*      6      "      50 


i  • 


tl  -  (4  ^  li 


5.  •*      3      "      .43 

Mixture,    i.  *'      3      **      1    .    .    .    .         31.5 

2,  •'      3      "      34-7 

Average ^o.\  30.1  17  14 


2  Hours. 

6  Hours. 

1 

9  Hours. 

35.5 

1       22.4 

14.9 

28.7 

14-7 

10.4 

33 

16.8 

17.3 

«       •       > 

•       ■       • 

15.8 

■       ■       ■ 

•       >       • 

15 

23-3 

13-9 

10.4 

> 


114 


INVESTIGATION  OF  MILK   TESTS. 


These  tables  show  that  there  was  quite  a  variation  in  the  per 
cent,  of  butter-fiat  found  in  the  diluted  skim-milk  from  the  milk 
of  the  same  cow  on  difierent  days.  These  variations  were  not  so 
great,  however,  as  that  of  cow  No.  i  from  all  the  others.  The 
milk  from  cow  No.  i  was  considerably  richer  than  that  from  the 
others  and  gave  a  richer  skim-milk,  but  it  contained  about  the 
same  proportion  of  the  total  butter-fat  as  the  milk  from  the  other 
cows. 

The  average  of  all  the  results  obtained  shows  that  in  this  trial 
when  new  milk  was  diluted  with  an  equal  volume  of  cold  water 
and  kept  in  a  room  at  about  75°  F.,  there  was  left  in  the  skim-milk 
about  40  per  cent,  of  the  total  butter-fat  after  standing  one  hour  ; 
30  per  cent,  after  two  hours;  17  per  cent,  after  six  hours ;  and  14 
per  cent,  after  nine  hours. 

An  experiment  was  next  made  to  ascertain  whether  the  quick 
raising  of  cream  by  dilution  was  caused  by  the  sudden  change  in 
temperature  or  by  the  dilution  of  the  liquid  through  which  the  fat 
globules  rise. 

Afi/k  Set  in  Refrigerator  Two  Hours, 


Cow  No.  I.— July  16 

"    17 

Cow  No.  3.— July  16 

"     17 

Cow  No.  4.— July  16 

-     17 

Mixed  Milk,  July  16 
4  in.  deep,     "     17 

Mixed  Milk,  July  16 
9  in.  deep,     "     17 


Mixed  Milk,  July  16  .   . 
pan  3  in.  deep,  July  17 


it 

51° 
58 

Tempera- 
ture of 
Milk,  P. 

■ 

I 

a 
u 

20 
20 

Per  Cent.  Fat  in 

._ 

i 

6 

7 

Skim-Milk  after                        1 

• 

• 

u 

1 

M 

• 

£ 

s 

• 

S 

9 
O 

a 

i 
% 

0.7 
0.3 

95° 
96 

72° 
76 

a.3 

2.2 

1.8 

1.2 

0.9 

0.8 

51 
58 

99 

100 

71 
76 

6 
6 

2.8 
3.3 

2.2 

2.1 

1.8 
I.I 

I 
0.8 

0.4 
0.4 

51 
58 

100 
100 

71 
76 

6 
6 

2.6 

3.1 

2.5 

2.8 

2.5 
1.9 

1-9 
1.7 

1.6 
0.8 

51 
58 

96 

97 

76 

8 
8 

3 
3.4 

2.4 
2.5 

2.2 
1.6 

1.4 
I.I 

0.9 

0.5 

1 

SI 

58 

94 
95 

75 
79 

•  • 

•  • 

3 
3.4 

2.7 

2.4 

2.3 
1.6 

1.6 

1.2 

0.6 

51 

58 

94 
95 

73 
76 

•      • 
■       « 

3 
3-4 

2.2 
2.1 

1.7 
0.8 

a8 
0.5 

0.5 
0.2 
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The  bottles  used  before  were  filled  to  the  same  depth  with  new 
milk.  They  were  then  put  into  a  refi-igerator  until  the  milk  had 
cooled  to  about  75®  F.,  taken  out  and  kept  in  a  room  at  70*^  to 

The  details  of  the  rebord  are  given  in  the  table. 

An  average  of  the  duplicate  trials  shows  a  great  difierence  in  the 
cream  rising  on  milk  of  the  different  cows.  There  is  not  near  the 
uniformity  that  was  observed  when  the  milk  was  diluted  with 
water. 

The  same  calculation  used  before  shows  the  per  cent,  of  the  total 
butter-fat  of  the  whole  milk  left  in  the  skim-milk  to  be  as  follows : 

Per  Cent,  of  the  Total  Butter-Fat  left  in  the  Skim-Milk. 


Milk  Set. 


Cow  No.  I. — July  16 


17 


Average 


Cow  No.  3. — July  16  . 

"     17. 


Average 


Cow  No.  4. — July  16 

"     17 

Average    .    .    . 


Mixed  Milk.—July  16 

*(  -wm 


17 


Average 


I  Hour. 

3  Hours. 

6  Hours. 

30.6 

24 

12 

25.1 

14 

9 

26.8 

19 

10.5 

73.5 
60 

60.3 
31 

33-5 
22.6 

67.7 

45.5 

28 

fs 

90 

57 

69 
50 

88.5 

73-5 

59-5 

73 
67 

70 
43 

43 
30 

70 

56.5 

36.5 

9  Hours. 


9.3 
3-4 

13 
II-3 

12. 1 

57 
24 

40.5 

27 
14 

15.5 


The  results  from  this  work  on  cream  raising  by  dilution,  show 
(i)  that  with  rich  milk  and  with  that  from  a  new  milch  cow,  the 
cream  rose  as  completely  when  the  new  milk  was  quickly  cooled 
to  70°  F.  without  the  addition  of  water  as  it  did  when  diluted  with 
an  equal  quantity  of  water. 

(2)  The  rising  of  the  cream  was  more  complete  in  a  given  time, 
and  was  hastened  by  diluting  the  milk  from  cows  that  were  not 
fresh  or  that  gave  a  considerable  quantity  of  average  milk. 


CAMPHOR  :  METHODS  OF  GROWTH  AND  MANUFAC- 
TURE IN  FORMOSA.* 

By  Edward  Bbdlob. 

The  most  interesting  portion  of  my  district  of  **  Amoy  and  its 
dependencies/'  to  use  the  diplomatic  phrase,  is  the  great  island  of 
Formosa.  The  name  (the  Portuguese  adjective  for  beautiful)  is 
extremely  appropriate,  for  I  question  if  any  handsomer  or  more 
picturesque  scenery  can  be  found  upon  the  globe.  The  territory 
is  over  200  miles  long  and  60  wide,  and  is  about  as  large  as  Eng- 
land,- Scotland  and  Wales  combined.  Along  its  major  axis  runs  a 
double  range  of  magnificent  mountains,  several  of  whose  summits 
are  constantly  covered  with  snow.  The  fertility  of  the  soil  is  pro- 
verbial in  the  East.  At  some  points  the  land  produces  from  three 
to  five  harvests  a  year.  Besides  the  best  tea  in  the  market,  it 
produces  unlimited  quantities  of  camphor,  sugar,  rice,  hemp,  oil, 
oil  cake,  castor  oil,  turmeric  and  valuable  woods.  It  ought  to 
have  an  immense  commerce  with  every  part  of  the  world,  but  it 
has  not,  which  is  due  to  the  time-beaten  prejudice  of  its  governing 
classes  against  foreigners  and  everything  foreign. 

Nowhere  does  the  force  of  this  blind  prejudice  show  itself  in  so 
large  and  ruinous  an  extent  as  with  the  trade  in  camphor  and  cam- 
phor wood.  From  the  earliest  times  camphor  has  been  a  practical 
necessity  to  man.  Its  pleasant  perfume,  its  destructiveness  to  in- 
sect life  and  its  many  remarkable  therapeutic  virtues  have  more 
than  earned  its  great  popularity. 

In  the  past  twenty  years  its  importance  has  been  multiplied 
many  times  by  the  discovery  of  celluloid,  zylonite  and  smokeless 
powders,  in  all  of  which  it  is  an  essential  ingredient.  While  the 
camphor  tree  grows  in  numberless  places,  it  finds  its  best  develop- 
ment in  Japan,  and,  above  all,  in  Formosa.  In  the  last-named 
place  it  is  the  predominant  forest  growth.  The  trees  upon  the 
island  are  to  be  numbered,  not  by  hundreds  of  thousands,  but  by 
millions.  At  the  present  time  there  is  enough  camphor  in  Formosa 
to  supply  all  Christendom  for  a  century.  Yet  notwithstanding 
these  facts,  the  output  of  the  entire  island  in  1890  was  only  about 
60  tons  ! 

The  camphor  expert  selects  a  tree,  and  scrapes  into  the  trunk  in 
different  places,  using  an  instrument  resembling  somewhat  in  ap- 
pearance a  rake,  with  teeth   of  curved,  gouge-shaped  edges  that 

♦From  the  Am.  J.  Pharm.,  Jan.,  1892. 
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cut  pulling.  This  scoops  out  the  wood  in  little  crescent-shaped 
chips.  A  tree  is  not  considered  to  be  worth  anything  for  cam- 
phor purposes  until  it  is  50  years  old.  The  yield  of  a  tree  is  un- 
equal, being  greater  in  and  about  the  roots  than  higher  up  on  the 
trunk. 

The  scrapings  or  chips  are  pounded  in  a  stone  or  iron  mortar 
and  boiled  in  a  large  iron  caldron,  over  which  is  placed,  with  the 
concave  side  covering  the  mouth  of  the  caldron,  an  earthenware 
bowl-shaped  vessel.  In  the  boiling  the  camphor  sublimes  and  con- 
denses on  the  inside  of  the  big  bowl,  which  is  removed  from  time 
to  time,  the  camphor  scraped  off  and  replaced. 

The  root  and  trunk  are  scraped  while  the  yield  lasts,  and  the 
chipping  is  continued  till  finally  the  tree  falls.  No  attempt  is 
made  to  extract  the  camphor  from  the  trunk  or  branches  of  the 
fallen  tree.  In  some  cases  the  trunk  is  sawed  up  into  planks,  but 
this  depends  upon  the  locality.  In  many  districts,  owing  to  ab- 
sence of  roads,  timber  would  not  pay  for  its  transport.  It  is  im- 
possible to  imagine  a  more  wasteful  method,  and  it  is  fortunate 
that  the  camphor  forests  of  Formosa  are  practically  inexhaustible. 
The  quantity  of  camphor  produced  depends  upon  the  amount  of 
labor  employed  in  the  business.  Ten  iron  pots  and  accompanying 
bowls  make  up  what  is  called  a  **  set,*'  and  are  worked  by  four  men. 
One  set  will  produce  about  six  pounds  a  day  ;  a  fair  average  is  150 
pounds  a  month. 

At  one  time  the  camphor  trade  was  monopolized  by  the  Governor 
of  Formosa  and  his  official  staff.  The  annual  output  ran  as  high 
as  250  and  300  tons  and  netted  the  distinguished  syndicate  over 
$100,000  a  year.  The  profit  can  be  easily  appreciated  when  it  is 
known  that  the  poor  peasant  was  paid  four  cents  per  pound  for  the 
camphor  which  was  sold  a  week  afterwards  in  Hong  Kong  for  any- 
where from  24  to  35  cents.  The  monopoly  was  abolished  in  1870 
at  the  intervention  of  the  ministers  of  all  the  great  powers  at  Pek- 
ing. Foreign  merchants,  especially  British  and  American,  pre- 
pared to  enter  the  trade  on  a  large  scale.  The  authorities,  with 
characteristic  shrewdness,  enacted  forthwith  a  likin  or  internal  rev- 
enue system  which  completely  frustrated  all  attempts  to  do  busi- 
ness successfully. 

(i)  A  tax  was  imposed  upon  every  pot  or  boiler,  no  matter 
whether  used  ftiU  time,  half  time,  or  no  time  at  all.     As  non-pay- 
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ment  of  a  tax  in  China  is  a  crime  punishable  by  fine  and  imprison- 
ment, this  measure  caused  the  camphor  makers  to  break  and  de- 
stroy one-half  of  their  plant  rather  than  run  the  risk  of  going  to 
jail. 

(2)  A  heavy  *' battery  tax"  (or  an  assessment  for  the  building 
and  maintaining  of  forts  in  the  district)  was  imposed  upon  the  fin- 
ished product.  This  was  nominally  about  three  cents  per  pound, 
but  as  levied  came  to  twice  that  figure. 

(3)  The  barrier  imposts  (or  likin  proper)  were  assessed  at  fi-otn 
one  to  two  cents  a  pound  upon  the  article.  In  instances  a  donkey 
load  of  camphor  would  be  obliged  to  pass  six  to  a  dozen  barriers 
between  the  point  of  production  and  the  market  place. 

(4)  An  export  duty  was  laid  upon  the  camphor. 

(5)  A  system  of  terrorization  was  set  on  foot  by  the  subordinate 
officials,  which  frightened  nearly  all   the  camphor  growers  fi-om 

.  selling  to  the  foreign  hongs.  Under  these  circumstances  the  trade 
languished,  and  the  supply  demanded  by  Europe  and  America  was 
drawn  from  Japan  and  other  countries. 

In  1885-86  there  was  a  change  in  the  administration  of  Formosa 
and  a  more  liberal  and  progressive  set  of  men  came  into  office. 
They  began  their  regime  with  promise  of  reform,  of  new  laws  for 
the  extension  and  benefit  of  trade,  and  of  a  more  generous  and 
equitable  treatment  of  the  foreign  hongs.  The  latter  were  delighted 
and  made  contracts  with  the  native  merchants  and  farmers  for 
large  quantities,  to  be  delivered  at  the  place  of  production  and 
to  be  brought  down  to  the  port  under  the  protection  of  official 
permits. 

The  first  cx)nsignment  arrived  promptly  and  cleared  a  very  hand- 
some profit.  The  merchants  were  delighted,  but  their  pleasure  was 
short-lived,  inasmuch  as  the  new  Governor,  without  a  word  of 
warning,  re-established  the  old  monopoly.  Notwithstanding  the 
contracts  then  pending  between  the  foreign  merchants  and  the 
native  dealers,  contracts  upon  which  large  sums  had  been  ad- 
vanced, the  internal  revenue  and  custom  house  officers  seized  all 
the  camphor  in  the  market  or  in  transit,  permits  or  no  permits. 
The  merchants  were  thunderstruck  and  appealed  in  a  body  to  the 
British  and  United  States  Consular  represenative  at  Talwanfoo, 
Hon.  Pelham  L.  Warren,  a  brave  and  brainy  gentleman.  He 
made  a  strong  fight  against  the  outrage,  put  in  claims  for  heavy 
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damages,  carried  the  case  to  Peking,  where  he  was  sustained  by 
the  united  foreign  legations,  and  afterwards  by  the  highest  author- 
ity in  Cbina,  the  Jsung-li-Yamen  or  Imperial  Cabinet.     The  mo- 
nopoly was  expressly  abolished,  and  the  claims  after  tedious  delay 
and  litigation,  allowed  and  paid  in  full  to  the  sufferers. 

Before  tlie  opportunity  thus  created  could  be  taken  advantage 
of,  the  local  administration  levied  a  special  tax  on  camphor  of  one 
cent  per  pound,  exclusive  of  the  internal  revenue  and  export  duty. 
It  was  done  under  the  pretext  of  a  * '  garrison  tax, ' '  the  Government 
claiming  there  was  danger  of  an  uprising  of  the  savages  in  the  in- 
terior of  Formosa,  and  that  new  regiments  had  to  be  raised,  •'^ 
equipped  and  supported.     There  never  was  any  uprising,  there 
were  no  troops  recruited,  but  the  tax  ran  gayly  along  all  the  same, 
and  the  proceeds  went  into  the  pockets  of  those  in  power.     The 
tax  was  then  raised  to  two  cents  per  pound  as  the  price  of  camphor 
rose  in  the  Hong  Kong  market,  and  as  this  did  not  change  the  state  . 
of  affairs  it  was  again  raised,  this  time  to  13  cents  per  pound.     At 
the  same  time  the  camphor  growers  were  warned  by  threatening  pro- 
clamations that  they  were  required  to  pay  this  tax  in  advance  upon 
all   camphor  produced ;  that  any  delinquency  or  mistake  would 
meet  with  the  severest  punishment,  but  that  the  **  camphor  farm" 
(a  new  form  of  the  old  Goverment  monopoly)  would  pay  eight  cents 
a  pound  to  any  and  all  growers  for  their  crop.     Up  to  the  time  of 
these  last  enactments  the  price  of  camphor  had  fluctuated  in  the 
country  where  it  is  g^own  from  four  to  eight  cents  a  pound.     It 
now  rose  with  a  jump  to  21  cents.     The  net  return  to  the  buyer 
was  about  five  cents  on  an  average ;  the  difference  went  to  the  * '  cam- 
phor farm,'*  that  is  to  say,  about  one- tenth  thereof  to  the  members 
of  the  official  clique  and  nine-tenths  to  the  superior  officials  of 
Formosa. 

The  monstrous  condition  of  affairs  has  remained  unchanged  up 
to  date.  The  producers  are  afraid  to  deal  with  the  foreign  mer- 
chants lest  they  be  fined  and  imprisoned  for  some  technical  viola- 
tion of  the  law.  The  merchants  are  fearful  of  making  contracts 
which  will  cause  litigation  and  loss  at  the  hands  of  the  internal 
revenue  and  the  customs.  The  trade  has,  therefore,  been  steadily 
falling  off,  and  as  the  smokeless  powders  of  Europe,  made  from 
camphor,  have  proved  to  be  failures,  and  are  being  replaced  by  ex- 
plosives in  which  that  substance  is  not  employed,  the  demand  is 
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diminishing  from  abroad,  so  that  there  is  every  prospect  of  an  utter 
collapse  of  the  camphor  trade  and  the  camphor  monopoly  of  For- 
mosa. 

The  monopoly  is  singularly  devoid  of  intelligence.  The  Chinese 
never  dare  to  go  into  the  interior,  where  the  savages  live  and 
where  the  finest  camphor  can  be  had  at  almost  no  expense. 

The  savages,  strange  to  say,  have  a  wild  love  for  Europeans  or 
white  people,  probably  because  of  their  hatred  for  their  Chinese 
enemies,  and  are  willing  to  supply  any  amount  of  camphor  on  de- 
mand. The  monopoly,  to  prevent  this  source  of  competition,  have 
had  a  law  passed  prohibiting  all  intercourse  or  commerce  with  the 
aborigines,  and  even  forbidding  the  tourist  to  enter  thelatter's  ter- 
ritory. There  is  at  present  some  prospect  of  a  speedy  change. 
The  old  Governor  has  just  been  removed  and  a  new  one  is  to  be 
appointed.  In  view  of  the  serious  troubles  in  China,  which  are 
forcing  the  Central  Government  into  more  intimate  if  not  more 
amicable  relations  with  the  foreign  powers,  it  is  more  than  prob- 
able that  the  coming  appointee  will  inaugurate  a  wiser  and  better 
policy  than  that  which  has  prevailed  in  Formosa  during  the  past 
five  years.  If  such  an  event  occur  there  will  be  a  wonderful  de- 
velopment in  the  commerce  of  that  wonderfiil  island.  If  not,  it 
will  sink  deeper  in  the  ocean  of  bankruptcy  and  pauperism. 

Amoy,  October  4, 1891. 
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Trimble's  The  Tannins.*— The  author  gives  a  history  of  the 
discovery  of  tannin  ;  then  a  general  account  of  the  properties  of 
the  different  astringents  and  the  methods  for  identifying  and  de- 
termining them.  This  is  followed  by  an  extended  description  of 
gallotannic  acid  and  an  index.  The  book  is  an  excellent  one, — 
clear,  concise,  logical  in  method  of  treatment.  It.is  a  monograph 
of  lasting  value,  and  bears  evidence  of  care  and  study  in  its 
preparation. 

•The  Tannins.  A  monograph  on  the  History,  Preparation,  Properties,  Methods  of  Es- 
timation and  Uses  of  the  Vegetable  Astringents,  with  an  index  to  the  Literature  of  the 
subject.    By  Henry  Trimble.    Vol.  I.     id8  pp.    2  illustrations.    J.  B.  Lippincott  &  Co.    |a. 


ERRATUM. 

The  foot-note  on  p.  57  of  this  volume  of  the  Journal  should  be  read  with  Experiment 
VI,  on  p.  58  ;  and  the  first  foot-note  on  p.  58  should  be  read  with  Experiment  IV  on  p.  57. 
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ON  THE  MANUFACTURE  OF  THE  CINCHONA 

AI.KALOIDS. 


By  Walter  D.  Pibld. 


PART   I. 


The  manufacture  of  quinine,  quinidine,  cinchonine,  and  cin- 
chonidine  has  been  one  of  great  progress. 

Manufacturers  have  jealously  guarded  their  secrets  in  their  en- 
deavors to  cheapen  the  production.  With  the  drop  in  prices  from 
about  $3.25  an  ounce  in  1880  to  about  26  cents  an  ounce  in  1892, 
the  questions  naturally  arise :  Are  the  manufacturers  losing 
money  ?  Was  there  a  cause  other  than  competition  that  brought 
about  the  fall  in  prices  ? 

Undoubtedly  competition  caused  the  manufacturer  to  bestir 
hims^f  to  find  cheaper  and  better  methods  for  extracting  the  al- 
kaloids. With  what  success  no  better  testimony  is  needed  than 
the  present  selling  price  of  the  alkaloids. 

In  this  paper,  the  writer  will  endeavor  to  show  how  to  extract 
the  cinchona  alkaloids  from  the  bark  and  how  to  separate  them 
from  each  other  in  an  economical  manner. 

I 

THE  SEVERAI,  METHODS   OF   EXTRACTION. 

The  use  of  alcohol  was  too  expensive.  Besides,  the  alcohol  ex- 
tracted a  large  amount  of  coloring  matter  and  rendered  the  sepa- 
ration of  the  alkaloids  from  each  other  difficult.  Large  quantities 
of  bone  black  were  necessary  to  decolorize  the  solution  of  the 
alkaloids,  and  the  loss  was  heavy  on  account  of  the  amount  of 
alkaloids  which  the  bone  black  absorbs  and  which  is  difficult  to 


I 
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'reclaim.     More  will  be  said  upon  this  subject  when  the  separa- 
tion of  the  alkaloids  is  taken  up. 

The  extraction  of  the  bark  with  dilute  hydrochloric  or  sulphuric 
adds  is  open  to  the  same  objection  as  the  alcohol  process,  and 
further,  because  they  will  not  completely  exhaust  the  bark.  Dr. 
Vrij*  says  that  dilute  sulphuric  acid  will  not  extract  the  bark ;  it 
is  also  true  that  dilute  hydrochloric  acid  will  not  extract  the  alka- 
loids completely  on  a  commercial  scale.  Extraction  by  means  of 
dilute  acid  was  nevertheless  the  method  in  use  for  a  long  period 
of  time. 

Turpentine  has  been  tried  without  success ;  fusel  oil  and  ben- 
zine with  some  success.  Turpentine  will  not  exhaust  the  bark  ; 
fusel  oil,  when  used  alone,  is  apt  to  leave  an  odor  in  the  finished 
product. 

Triboumeryt  first  used  petroleum  oil,  but  no  one  seems  to  have 
thought  of  utilizing  it  in  the  practical  manufacture  of  the  cinchona 
alkaloids.  It  remained  unused  until  later  times,  when  it  was  used 
in  combination  with  fusel  oil  to  extract  the  alkaloids.  Far  better 
results  can  be  obtained  with  a  combination  of  fusel  oil  and  petro- 
leum oil  than  with  either  alone.  This  fact  is  not  unusual,  combi- 
nations of  liquids  having  been  known  to  be  better  solvents  than 
either  of  the  combined  liquids  used  alone.  For  example,  it  is  well 
known,  that  though  neither  ethyl  alcohol  nor  ether  (ethyl  ether) 
will  dissolve  pyroxyline,  yet  when  combined  in  equal  volumes 
they  become  a  powerful  solvent  of  that  substance. 

ANALYSIS. 

The  manufacturer  will  always  find  himself  safe  in  getting  a  cor- 
rect estimate  of  the  value  of  a  bark  by  using  in  miniature  the 
method  followed  by  him  for  commercial  extraction. 

The  method  to  be  followed  when  fiisel  oil  and  petroleum  oil  are 
used  is  as  follows  : 

Take  loo  gms.  finely  ground  bark,  add  20  gms.  slacked  lime, 
mix  thoroughly.  This  is  an  essential  point,  both  in  analysis  and 
manufacture.  The  lime  must  be  in  the  form  of  a  stiff  paste  and 
cold.  It  is  a  good  plan  to  have  an  earthenware  jar  in  the  labora- 
tory containing  a  quantity,  so  that  there  will  be  no  danger  of  get- 

*Pharm.  Ruadschr.,  1885,  3,  225. 
fN.  J.  Pharm.  16,  369. 
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ting  hot  slacked  lime.  When  the  lime  and  bark  are  mixed,  add 
three-quarters  of  a  pint  of  a  mixture  of  25  per  cent,  fusel  oil  and 
75  per  cent,  coal  oil,  or  petroleum  oil,  150°  test.  This  mixture 
must  have  time  to  settle,  as  water  is  precipitated  from  the  fusel  oil 
on  adding  the  hydrocarbon  oil.  Domestic  fusel  oil  contains  about 
7  per  cent,  water  in  solution.  This  is  not  entirely  precipitated  by 
the  dilution  with  a  hydrocarbon  oil. 

After  adding  the  three-fourths  of  a  pint  of  mixed  oil,  boil  on  a 
water-bath,  in  any  suitable  vessel,  for  three-quarters  of  an  hour, 
then  transfer  the  bark  and  oil  to  a  percolator,  let  the  oil  run  into 
a  bottle,  with  a  ground  glass  cock  in  the  bottom.  Then  wash 
bark  in  percolator  with  three-fourths  of  a  pint  of  hot  mixed  oil, 
allowing  to  run  off  slowly.  Return  bark  to  digester  and  boil  one- 
quarter  of  an  hour  with  three-fourths  of  a  pint  of  mixed  oil. 
Again  transfer  to  percolator,  allow  to  run  off  rapidly,  and  wash 
with  three-fourths  of  a  pint  of  hot  mixed  oil. 

Now  add  six  ounces  dilute  sulphuric  acid  (i  in  20)  to  the  mixed 
oil  extract,  and  then  shake  well.  Allow  the  liquid  to  settle  one- 
half  hour  to  insure  complete  separation,  then  remove  the  acid  so- 
lution by  drawing  off  through  the  glass  cock  in  the  bottom  of  the 
bottle. 

Shake  the  oil  a  second  time  with  an  ounce  of  sulphuric  acid 
(1  in  20)  ;  this  removes  the  last  traces  of  alkaloids.  Mix  this 
with  the  first  six  ounces  used,  in  an  evaporating  dish,  heat  to  95° 
C,  then  neutralize  with  decinormal  soda  solution,  and  allow 
to  cool.  Filter  the  crystals  which  separate,  and  wash  with  a  small 
amount  of  cold  water,  then  dry  at  a  temperature  not  exceeding 
90°  C.  Test  the  dried  crystals  for  ether-soluble  alkaloid  with 
Liebig*s  ether  test. 

The  amount  of  soluble  alkaloid  obtained  thus  should  be  taken 
as  a  basis  for  calculation  by  the  manufacturer  using  the  process  of 
manufacture  given  in  this  paper. 

If  a  more  complete  analysis  is  desired,  proceed  thus :  After 
neutralizing  the  acid  extract  of  the  mixed  oil,  add  one  ounce  of  a 
saturated  solution  of  rochelle  salts,  allow  to  cool ;  the  quinine  and 
chinchonidine  crystallize  out  as  tartrates  ;  filter,  wash,  dry,  weigh, 
taking  same  precautions  as  before  noted  in  these  operations.  Take 
0.65  gms  of  the  mixed  tartrates  and  dissolve  in  30  cc.  95   per 
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cent,  ethyl  alcohol.  Add  just  suflScient  (about  5  drops)  sulphuric 
acid  (1-5)  to  decompose  the  tartrates,  then  proceed  with  De  Vrij's 
iodo-sulphate  chinoiden  test. 

E.  Landrin*  gives  a  similar  method.  300  gms.  of  the  bark  are 
powdered  and  passed  through  a  No.  40  sieve,  then  mixed  thor- 
oughly with  I  liter  of  milk  of  soda  lime  containing  75  gms.  of 
quicklime  and  75  gms.  solution  of  sodium  hydrate  at  40°  B. 
To  this  mixture  thinned  with  a  little  water  two  liters  of  petroleum 
spirits  are  added,  heated  to  100°  C.  for  twenty  minutes,  with 
constant  agitation ;  the  oil  is  then  decanted  and  the  extraction 
repeated  with  a  second  two  liters.  The  four  liters  of  extract 
are  washed  twice  with  75  cc.  of  10  per  cent,  sulphuric  acid  added 
to  150  cc.  water,  and  a  third  time  with  one-third  this  quantity. 
On  cooling,  about  nine-tenths  of  the  alkaloidal  sulphates  crystallize 
out,  are  filtered  off,  and  the  mother  liquid  precipitated  by  sodium 
hydrate,  the  alkaloids  washed,  dried,  pressed,  and  transformed  into 
sulphates  by  cautious  addition  of  sulphuric  acid,  then  added  to  the 
rest  and  weighed." 

The  author  says  he  has  followed  this  process  for  some  years 
with  good  results,  and  I  am  inclined  to  think  as  he  does. 

The  first  method  which  I  have  given  extracts  but  little  of  the 
coloring  matter,  not  enough  to  interfere  with  the  method.  The 
alkaloids  crystallize  pure  white  from  the  neutralized  extract  of 
the  oil. 

In  general,  the  manufacturer  who  wants  to  know  how  much 
sulphate  of  quinine  a  bark  will  yield  him,  will  follow  in  miniature 
the  process  used  by  him  on  the  large  scale. 

PREPARATION   OF  THE   BARK. 

The  bark  must  first  be  ground  fine  enough  to  pass  through  a 
No.  50  sieve.  The  finer  the  bark  is  ground,  the  easier  the  ex- 
traction. In  grinding,  great  care  must  be  taken  to  prevent  the 
bark  from  becoming  overheated,  as  many  barks  contain  amorphous 
bodies  which  melt  and  adhere  to  the  metal  of  the  mill  in  which 
they  are  being  ground,  and  cause  the  bark  to  form  in  lumps. 

The  barks  vary  much  in  their  manner  of  grinding.  Mills  that 
will  grind  one  bark,  gum  up  immediately  when  grinding  another. 

Comp.  Rend.  108,  750,  753. 
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Therefore  mills  with  contact  plates  are  not  desirable,  as  they  can- 
not be  used  for  every  bark.  Unless  the  mills  are  enclosed,  they 
should  be  made  to  discharge  into  a  closed  bin,  still,  as  a  second 
precaution  against  dust,  the  grinding  room  should  be  exhausted 
by  means  of  a  fan  or  blower,  in  the  manner  of  a  planing  mill,  into 
a  closed  chamber  in  which  a  spray  of  water  is  being  injected  to 
collect  the  dust.  The  bark  before  being  put  into  the  mill  must  be 
broken  up  in  a  cage  mill. 

The  Bogardus  mill  is  a  good  one  for  grinding  all  kinds  of  barks ; 
its  action  is  rather  one  of  cutting  than  crushing.  The  knives  do 
not  come  in  contact  with  one  another,  and  hence  do  not  heat  the 
bark  to  any  great  degree. 

Alsing's  cylinder  has  many  advantages.  It  will  powder  the 
bark  as  fine  as  necessary,  without  the  dust  flying  into  the  room ; 
it  can  be  run  in  water  and  thus  kept  cool  if  it  should  become 
heated.  The  milk  of  lime  can  be  added  directly  to  the  powdered 
bark  while  in  the  cylinder,  and  thoroughly  incorporated  with  the 
bark.  As  ** tumbling"  is  the  best  method  for  thorough  mixing, 
the  Alsing  cylinder  combines  many  good  points  in  its  mode  of 
operation.  Figure  I  gives  a  view  of  the  cylinder  and  shows  the 
manner  of  operating.  It  is  driven  by  means  of  a  belt  and  gear, 
thus  insuring  steady  revolutions.  The  bark  is  introduced  through 
the  manbioles  a  and  b  together  with  the  iron  or  porcelain  balls  to 
be  used  in  grinding.  When  the  charge  is  ready  to  be  discharged, 
the  manholes  a  and  b  are  replaced  by  gratings  fine  enough  to  retain 
the  balls.  By  revolving  the  cylinder,  the  charge  can  be  emptied 
into  a  car  beneath. 

*'The  Abbe  Mill*'  has  been  used  with  success  in  sugar  grinding, 
and  from  its  construction,  I  should  think  it  would  prove  a  suc- 
cessful mill  for  grinding  cinchona  bark. 

EXTRACTION    OF   THE   BARK. 

The  bark  having  been  ground,  is  thoroughly  incorporated 
with  20  per  cent,  by  weight  of  slacked  lime.  This  is  an  im- 
portant step  in  the  process,  and  must  be  done  in  a  thorough  man- 
ner. * 'Tumbling"  will  do  this  better  than  any  other  way,  and 
thus  insure  a  perfect  extraction.  The  workman  in  charge  of  the 
mixing  cylinder  should  not  be  allowed  to  decide  when  the  charge 
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is  done,  but  should  always  submit  samples  to  the  superintendent 
for  his  decision. 

The  lime  is  in  the  form  of  stiff  paste,  and  should  be  slacked  some 
time  previous,  so  as  to  allow  of  its  getting  perfectly  cold. 

After  mixing  with  lime,  the  bark  is  transferred  to  the  extraction 
apparatus,  represented  in  section  by  Fig.  II.  This  apparatus  is 
able  to  extract  nearly  a  ton  of  bark  per  day  of  twelve  hours,  and 
requires  for  this  purpose  about  3500  gallons  of  oil,  consisting  of 
kerosene  oil,  75  per  cent ;  fusel  oil,  25  per  cent,  (the  kerosene 
and  fusel  must  be  mixed  before  use,  and  the  separated  water  al- 
lowed to  settle),  divided  into  four  charges  of  about  900  gallons 
each.  In  the  upper  half  of  the  extractor  is  placed  the  steam  coil. 
This  arrangement  brings  the  line  of  the  bark  after  settling  below 
the  steam  coil,  and  prevents  the  lime  from  burning  on  the  coil. 

The  mixing  of  the  bark  and  oil  is  another  important  step,  in 
&ct,  is  the  important  point  in  the  manufacture  of  the  cinchona  al- 
kaloids. It  must  be  done  perfectly,  or  else  the  yield  of  alkaloids 
will  fall  below  the  estimated  amount.  To  do  this  requires  an  agi- 
tator that  will  bring  the  oil  and  bark  in  contact  and  keep  them 
moving  together  while  heating.  An  agitator  consisting  of  a  shaft 
on  which  broad  iron  arms  are  bolted,  twisted  sufficiently  to  give  the 
bark  an  upward  motion  into  the  oil,  is  represented  in  Fig.  II.  A 
mixer  patented  in  England,  and  now  being  made  and  sold  there, 
is  an  excellent  one  for  this  purpose.  It  is  shown  in  Fig.  III. 
The  cone  can  be  used  the  opposite  way  from  that  shown  in  the 
drawing,  in  which  case  the  direction  of  circulation  of  the  liquid  is 
reversed. 

Another  simple  but  effective  way  is  to  use  the  method  of  mix- 
ing as  given  in  Fig.  V,  in  which  the  arms  extend  clear  across  the 
extractor  at  right  angles  to  each  other,  and  between  them  is  placed 
a  flat  piece  of  iron  bolted  to  the  sides  of  the  extractor.  This  will 
be  found  a  general  way  of  doing  all  the  mixing  required  during 
the  extraction  and  separation  of  the  alkaloids. 

To  remove  the  oil  from  the  bark  after  the  agitation  is  complete, 
an  exhaust  pump  is  used.  Fig.  IV  shows  in  detail  the  section 
a,  'b  in  Fig.  II.  It  consists  essentially  of  two  iron  nettings  bolted 
tight  against  the  side  of  the  extractor  by  means  of  an  iron  frame- 
work.    One  of  these  nettings  is  very  coarse  and  heavy,  and  is  put 
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on  the  outside  of  the  fine  netting,  thus  keeping  the  weight  of  the 
bark  from  tearing  the  fine  netting  and  the  exhaust  pump  firom 
bulging  it.  Another  similar  attachment  can  be  put  on  the  oppo- 
site side  of  the  extractor  if  desired. 

The  first  two  extractions  of  the  charge  are  run  into  the  washing 
tank,  the  last  one  or  two,  as  the  tests  have  found  to  require,  are 
run  into  another  tank  and  used  for  the  first  extraction  of  a  new 
charge.  A  charge  of  bark  should  never  be  removed  from  the  ex- 
tractor until  the  superintendent  has  tested  it  by  extraction  of  a 
sample  in  the  laboratory,  or  washing  with  dilute  sulphuric  add 
a  sample  of  the  last  charge  of  oil,  and  precipitating  the  alkaloids 
with  caustic  soda  solution. 

The  test  having  proven  the  bark  completely  exhausted,  the  ex- 
haust pumps  are  run  until  all  the  oil  is  run  off  and  the  residiuum 
is  discharged  from  the  extractor  through  the  manhole  E  into  a 
car  or  pit.  It  is  evident  that  the  oil  cannot  be  entirely  exhausted 
from  the  bark,  but  the  loss  is  slight  and  could  not  profitably  be 
recovered. 

The  first  two  portions  of  oil  used  for  the  extraction  are  run  into 
a  tank,  such  as  given  in  Fig.  V,  where  it  is  treated  with  the  dilute 
sulphuric  acid  (1-15).  Six  to  eight  ounces  of  dilute  acid  are  re- 
quired to  about  one  and  three-fourths  gallons  oil.  Five  gallons 
of  dilute  acid  to  every  hundred  of  oil  are  good  proportions. 

The  washing  tank  is  lined  with  8  or  10  lb.  lead,  and  provided 
with  a  lead  cock  burnt  into  the  lining  as  near  the  bottom  in  the 
side  as  possible.  The  lead  cock  had  better  have  a  ground  porce- 
lain plug ;  it  will  prove  of  greater  utility  than  any  other  form  that 
can  be  used  in  this  place. 

The  acid  solution  of  the  alkaloids  is  now  ready  for  neutraliza- 
tion and  the  first  crystalization.  It  is  advisable  before  this  step, 
to  allow  the  acid  washing  fi-om  the  oil  to  stand  one  or  more  days 
in  a  settling  tank,  to  allow  any  remaining  oil  to  separate  out. 

The  acid  solution  of  the  total  alkaloids  should  now  be  analyzed 
for  comparison  with  the  previous  analysis  of  the  bark,  and  also 
the  finished  product.  The  tank  containing  the  solution  should 
be  mounted  on  scales,  and  the  solution  weighed.  In  this  manner 
estimates  on  extraction  of  the  bark  and  the  separation  of  the  alka- 
loids can  be  kept  separate. 


[COMMUmCATIONS  PROU  THE  CREMICAL  LABORATORY 
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THE  UTILIZATION  OF  THE  ELECTRIC  LIGHT  CUR- 
RENT FOR  QUANTITATIVE  CHEMICAL 

ELECTROLYSIS. 

BT  J08BPH  S.  STILLWBLL  AND  PBTBR  T.  AUSTBK. 

To  apply  the  electric  light  current  to  electro-plating  and  chemi- 
cal determinations,  and  to  do  this  by  the  simplest  means  and  in  a 
manner  adapted  for  use  in  chemical  laboratories,  was  a  problem, 
the  solution  of  which  would  afford  so  great  a  convenience  in  the 
practice  of  analytical  chemistry,  that  we  deemed  it  well  worth 
study  and  investigation. 

The  use  of  electricity  for  the  purpose  of  quantitative  analysis  is 
of  recent  date.  Its  advantages  as  summeid  up  by  Dr.  Alexander 
Classen  in  the  preface  to  the  second  German  edition  of  his  work 
on  this  subject,  entitled  *•  Quantitative  Chemical  Analysis  by 
Electrolysis,"  are  as  follows  :  **This  new  method  of  analysis  may 
now  be  considered  as  established  in  its  essential  points.  The 
great  advantage  of  quantitative  electrolysis,  apart  from  its  greater 
simplicity,  lies  unquestionably  in  the  fact  that  the  electric  current 
does  the  work  of  the  analyst,  setting  him  free  to  carry  on  other 
work.  Experience  has  shown  that  if  the  methods  are  correctly 
followed  out,  even  unskilled  analysts  obtain  results  that  experi- 
enced chemists  can  with  diflficulty  reach  with  the  ordinary  methods 
of  gravimetric  analysis.  * ' 

The  first  essential  for  electrolytic  work  is  a  current  generator, 
and  the  practical  value  of  electrolytic  methods  in  general  labora- 
tories depends  much  upon  the  ease  and  cheapness  with  which  the 
current  is  produced.  There  are  three  classes  of  generators  in  use, 
the  thermopiles,  galvanic  batteries,  and  magneto-electric  machines, 
or  dynamos.  The  first  class,  the  thermo-electric  piles  of  Clamond 
and  of  Noe,  are  not  in  general  use,  and  Classen's  experience  with 
them  does  not  favor  their  application  to  analytical  work.  He 
says:  "They  do  not  give  a  current  strong  enough  for  most  de- 
terminations and  separations,  and  are  liable  to  fail  after  continued 
use,  and  then  can  be  repaired  only  with  diflSculty,  often  not  at  all.** 
Galvanic  batteries  are  in  common  use,  and  have  the  advantage 
of  low  first  cost,  of  being  easily  portable,  and  when  a  number  are 
to  be  had,  of  furnishing  currents  sufficiently  strong  for  all  purposes 
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of  analysis  ;  but  they  have  also  the  accompanying  disadvantages 
of  inconstant  current,  of  requiring  refilling,  and,  with  zinc  cells,  of 
amalgamation,  of  giving  oflf  oflFensive  fumes,  and  when  the  elec- 
trolytic work  of  a  laboratory  is  not  of  sufficient  magnitude  to 
warrant  constant  care  of  the  cells,  the  labor  and  inconvenience  of 
setting  up  the  battery  will  generally  offset  any  advantages  that 
this  method  possesses. 

Dynamic  currents,  or  currents  from  magneto-electric  machines, 
constitute  the  third  class.  Their  use  implies  either  the  possession 
of  a  dynamo  and  power  to  run  it,  or  else  the  use  of  wires  from  one 
located  elsewhere.  When  power  is  at  hand,  it  may  be  convenient 
to  use  a  small  dynamo,  but  even  this  demands  care  and  adjust- 
ment. It  cannot  be  left  to  run  over  night,  and  the  first  cost  is  an 
important  factor. 

The  electric  light  system  has  now  been  fully  established  as  one 
of  the  institutions  of  our  civilization  ;  and  there  is  hardly  a  city  of 
any  size  in  the  country  where  the  central  station  and  its  radiating 
system  of  wires  may  not  be  found.  It  can  consequently  be  easily 
introduced  into  nearly  all  of  the  prominent  laboratories,  where  its 
use  is  by  no  means  confined  to  simple  illumination,  but  may  alao 
be  applied  to  replace  the  calcium  light,  to  run  small  motors,  and  to 
furnish  electric  currents  of  convenient  strength  for  electrolysis  or 
other  purposes.  Any  system  of  electric  lighting,  even  arc  light 
systems,  can  put  in  two  wires  conveniently  located,  between  the 
terminals  of  which  there  will  be  a  difference  of  potential,  which, 
although  comparatively  high  (in  our-  country  in  nearly  all  systems 
about  no  volts),  will  not  be  at  all  dangerous  to  handle  ;  a  safety 
plug  with  a  lead  large  enough  to  convey  power  to  run  only  nine 
sixteen  candle  power  lamps  will  guard  against  accidents. 

The  difference  of  potential  between  the  wire  terminals  will  be 

high,  that  is,  high  compared  to  the  potential  of  batteries  or  small 

dynamos,  and  to  reduce  the  large  current,  which,  according  to 

Ohm's  formula — 

Potential  =  E 

C  =--  Current  = 

*  Resistance  =  /^ 

» 

is  consequent  upon  this  high  potential,  was  the  object  to  be 
attained. 
The  particular  system  of  electric  lighting  used  in  New  Bruns- 
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wick,  and  furnished  to  the  College  Laboratory,  is  the  **  Edison 
three-wire,"  or  •* neutral  wire*'  system. 

In  this  there  are  three  main  wires,  and  consequently  three 
branches  are  led  into  the  building.  These  terminate  over  the 
laboratory  desk,  after  being  conducted  through  several  sockets, 
either  for  the  introduction  of  lamps  or  plugs,  and  by  means  of 
binding  screws  at  the  terminals,  the  wires  may  be  connected  and 
the  current  "put  on.**  The  connection  should  not  be  made,  how- 
ever, unless  some  resistance  greater  than  that  of  the  armature  of 
the  generating  dynamo  is  in  the  circuit ;  otherwise,  what  is  called 
"short  circuiting  "  occurs,  and  something  must  give  way,  either 
the  plugs  are  ** burned  out,**  or  if  the  voltameter  happens  to  be  in 
circuit,  the  small  platinum  wires  of  that  instrument  are  melted." 
Either  occurrence  involves  trouble  and  delay.  The  current  also 
should  not  exceed  the  capacity  of  the  leads  in  the  plugs,  which 
for  nine  six  teen-candle  power  lamps  is  4.68  amperes.  The  resis- 
tance of  the  armatures  used  in  very  high  potential  systems  (arc 
light)  may  run  as  high  as  20  ohms ;  of  low  potential  (110  volts) 
systems,  four  or  five  ohms  may  be  considered  the  maximum. 
Saitable  safety  plugs  should,  of  course,  be  provided,  but  for  elec- 
trolytic work,  however,  no  higher  than  a  No.  6  plug  is  demanded. 
The  high  potential  of  the  town  current  necessitates  the  use  of  re- 
sistances ;  coils  of  German  silver,  or  other  high  resistance  wire,  are 
the  usual  means  employed  for  reducing  current,  but  they  are  sub- 
ject to  the  attacks  of  the  laboratory  fumes,  and  thus  become  coated 
and  unfit  for  use.  The  use  of  solutions  of  zinc  sulphate  and  other 
salts  as  resistances  is  subject  to  the  same  disadvantages  which  at- 
tend the  use  of  batteries  as  generators.  Counter  electro-motive 
force  was  tried,  and  a  series  of  cells  consisting  of  test  tubes  fur- 
nished with  lead  strips  and  filled  with  dilute  sulphuric  acid,  was 
put  in  circuit.  Each  cell  then  gave  a  little  over  two  (2)  volts 
potential,  and  thus  the  potential  of  the  town  current  could  be  op- 
posed and  changed  at  will,  but  the  spray  fi-oni  the  tubes  attacked 
the  connections  and  rendered  the  current  inconstant. 

Simplicity,  high  resistance,  durability  under  the  injurious  in- 
fluences of  a  laboratory  atmosphere,  were  the  requisites  demanded 
in  the  means  used  to  reduce  the  current ;  all  these  advantages 
were  found  in  the  incandescent  lamp,  to  which  may  also  be  added 
the  advantage  of  cheapness,  for  **  blackened  lamps"  (the  blacken- 
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ing  caused  by  carbon  from  the  filament  settling  on  the  glass)  are 
as  yet  among  the  waste  products  of  the  electric  light  system,  and 
can  be  obtained  for  little  or  nothing  at  any  incandescent  station. 

The  **life"  of  a  six  teen-candle  power  lamp  was  formerly  esti- 
mated at  looo  ohms,  after  that  the  blackening  of  the  glass  or  the 
breaking  of  the  filament  rendered  it  unfit  for  use.  Lamps  have  of 
late  been  much  improved  in  this  respect.  The  resistance  of  these 
lamps  is  very  high,  varying,  however,  with  the  candle  power  and 
the  time  they  have  been  subject  to  a  current  strong  enough  to 
make  them  glow  (this  latter  a  small  change).  They  also  vary  id 
their  resistance  according  to  the  period  of  their  manufacture,  lamps 
of  an  older  pattern  having  a  much  lower  resistance  than  those  of 
later  **make."  The  resistance  also  changes  with  the  temperature 
of  the  carbon  filament,  thus  a  lamp  of  127  ohms  resistance,  when 
cold,  had  a  resistance  of  36.6  ohms  when  at  a  white  heat,  the  re- 
sistances varying  with  the  temperature  between  these  two  extremes. 

Following  we  give  the  resistance  of  a  number  of  lamps  : 

[C.  p.  =  Caudle  Power.       R.  =  Resistance.       O.  P.  =  Old  Pattern.] 

No.  I 50  C.  P.  Cold  89  ohms.            O.  P. 

'*    2 50    "  "77      "  Incandescent.  36.6  ohms. 

•*    3 50    "  "127      "                  "  36.8    •• 

•'4 50     '*  "132      "                   "  68.8    " 

The  resistance,  when  cold,  of  numbers  3  and  4  is  nearly  the  same 
(132-127),  but  when  placed  singly  in  a  current  of  no  volts.  No.  3 
gave  3.1  amperes  per  minute,  equal  to  36.7  ohms,  and  No.  4  gave 
only  1.6  amperes,  a  resistance  of  68.8  ohms. 

E 

See  formula  C  = 

R 

Of  course,  in  this  experiment  both  lamps  were  incandescent. 

A  32  c.  p.  lamp  had  R.,  when  cold,   147  ohms,  R.;   at  a  white 

heat,  70  ohms.     The  resistance  cold  of  five  24  c.  p.  lamps  was  as 

follows : 

No.  I 273  ohms. 

"2 275    " 

"3 310    " 

"4 • 327    " 

"5 171    *' 

No.  5  was  an  old  pattern  lamp.  The  average  resistance  of  seven 
sixteen  c.  p.  lamps  was  400  ohms.     All  of  the  above  resistances 
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are  for  blackened  lamps.  The  resistances  of  new  night  lamps  were 
found  to  vary  from  750  to  800  ohms  when  cold.  The  above  re- 
sistances when  cold  were  measured  with  a  galvanometer  by  the 
Wheatstone  bridge  method,  when  hot,  with  the  voltameter,  calcu- 
lating from  the  current  indicated.  The  voltameter  will  give  re- 
sults accurate  enough  for  electrolytic  work,  for  Classen  says  :  **A 
current  of  a  certain  exact  strength  is  not  required  for  a  quantita- 
tive determination,  or  separation ; '*  in  fact,  it  is  only  for  this  rea- 
son that  it  is  possible  to  conduct  analyses  by  electrolysis  without 
gfeat  diflSculty. 

The  resistance  of  two  lamps,  of  equal  resistance  when  hot,  when 
arranged  in  series  and  exposed  to  a  current  of  1 10  volts,  is  greater 
than  twice  the  resistance  of  one,  as,  when  one  is  singly  exposed  to 
the  current,  it  is  at  a  higher  temperature,  and  hence  has  less  re- 
sistance than  when  it  has  a  companion  to  share  the  force  of  the 
current.  Thus,  two  50  c.  p.  lamps,  when  placed  in  circuit  alone, 
each  gave  about  3.  i  amperes,  the  carbons  being  at  a  white  heat, 
but  when  placed  in  series,  the  carbons  were  only  a  bright  red  and 
the  current  was  1.13  amperes,  a  little  over  a  third  instead  of  half 
the  current  let  through  one  lamp.  The  measure  of  current  as  read 
directly  from  the  voltameter  is  the  cubic  centimeter  (cc.),  it  is  equal 
to  .0958  ampere.  It  should  be  remembered  in  calculating  that  the 
current  in  cubic  centimeters  must  first  be  reduced  to  amperes  before 
it  can  be  substituted  in  Ohm's  formula.  Roughly  approximating, 
10  cc.  equal  one  ampere. 

The  currents  required  for  quantitative  chemical  analysis  vary 
with  the  metals  to  be  separated  or  determined.  According  to 
Classen,  a  solution  of  iron  oxalate  requires  a  maximum  current  of 
20  cc.  per  minute,  while  bismuth  is  thrown  down  from  a  like  solu- 
tion by  a  current  of  only  o.  i  cc.  The  currents  required  vary  also 
with  the  solution  used  ;  thus,  copper  in  nitric  acid  solution  requires 
4  to  5  cc  per  minute  ;  in  the  oxalate  solution,  o.  i  to  0.2  cc.  only. 
Ammonium  oxalate  solutions  of  iron  require  15  to  20  cc;  of  cobalt 
and  zinc,  8  to  10  cc;  of  tin,  10  cc;  of  manganese,  9  to  10  cc; 
copper  and  cadmium,  0.2  cc;  silver  in  potassium  cyanide  solution 
requires  1.5  to  2  cc.  The  above  examples  are  specimens  of  the 
strengths  of  currents  demanded,  and  are  applicable  to  the  size  of 
electrodes  commonly  used  in  quantitative  electrolysis,,/,  e.,  platinum 
dishes,  cones,  and  cylinders. 
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All  of  the  above  mentioned  currents  have  been  obtained  by  the 
use  of  incandescent  lamps  as  resistances  in  the  current  of  the  elec- 
tric light  system.  Moreover,  the  currents  thus  obtained  are  con- 
stant, they  are  always  at  hand,  and  can  be  turned  on  by  the  move- 
ment of  a  switch  ;  they  can  with  safety  be  left  to  operate  during 
the  analyst's  absence,  or  over  night,  something  which  can  rarely 
be  done  with  batteries  or  dynamos.  The  lamps  used  in  the  ex- 
periments for  the  reduction  of  the  electric  light  current  were  50, 
32,  24  and  16  candle  power,  all  blackened;  also  some  new  night 
lamps,  which,  however,  can  very  rarely,  if  ever,  be  obtained  in  a 
blackened  condition.  The  same  remark  applies,  in  a  lesser  de- 
gree, to  100  c.  p.  lamps.  These,  therefore,  if  desired,  must  be 
purchased,  but  the  others  will  answer  all  purposes.  Their  resis- 
tances and  the  causes  of  their  variation  have  already  been  given. 

The  following  currents  have  been  obtained  by  the  use  of  lamps 
in  series  (in  some  cases  a  single  lamp)  ;  the  1 10- volt  current  was 
the  one  used ;  if,  however,  it  be  necessary,  the  2  20- volt  current 
can  be  put  on  and  the  currents  given  below  somewhat  more  than 
doubled,  according  as  the  larger  current  heats  up  the  filament, 
and  thus  lessens  the  resistance.  Unless  otherwise  mentioned,  the 
lamps  used  were  all  blackened. 

33  cc.  were  obtained  by  introducing  into  the  circuit  a  new  100 
c.  p.  lamp  of  new  pattern. 

31     cc,  by  a    50  c.  p.  lamp,  old  pattern. 

25.5  "        "      50    "        "  new      *• 


ft 
It 
it         <i 


24      "        "      50    *•        "  old 

18      "  (by  means  of  side  currents) 

16      "  by   a    32  c.  p.  lamp,  new 

13      *•        •*      24    **        *'  old 

1 1.4  **  by  (2)  50    *•     lamps, 
10      "       "        50 , "        "  new       " 

8.4  "  by  a    50  and  a  32  c.  p.  lamp. 

7.2  "  "  (2)  32  c.  p.  lamps,  new       " 

6.2  "  *'    a    32  and  an  old  pattern  24  c.  p.  lamp. 

5.6  "  "  (2)  50's  and  a  32  c.  p.  lamp. 
4.4  "  **   (4)  50  c.  p.  lamps. 

4.2  -  -  (3)  32    - 

3.7  "  •'  (2)  32's  and  an  old  power  24  c.  p.  lamp. 

2.8  "  **    a    24  c.  p.  and  (2)  32  c.  p.  lamps. 
1.05"  '*  (6)  25  c.  p.  lamps. 

0.64"  *'  (5)  i6c.  p.  lamps. 
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For  currents  much  bdow  one  cc.  per  minute,  the  resistance  re- 
quired is  very  high,  and  hence  demands  a  number  of  lamps  of 
high  resistance.  Thus,  taking  i  ampere  equal  to  10  cc.  to  obtain 
a  current  of  o. I  cc,  or  o.oi  ampere,  a  resistance  of  11,000  ohms 
must  be  put  in  the  iio-volt  circuit,  as  will  be  seen  by  the  formula 


C  = 


no 


/? 


or  substituting  o.oi 


/? 


H  =  11,000  ohms, 


to  obtain  a  current  of  0.2  cc.  would  require  5500  ohms ;  of  0.3  cc., 
3660  ohms ;  of  0.4  cc.,  2750  ohms. 

Now  as  the  resistance  (cold)  of  night  lamps  is  about  750  ohms, 
and  of  blackened  16  c.  p.,  lamps  about  400  ohms,  it  will  be  seen 
that  whichever  is  used,  a  large  number  (of  night  lamps  16,  of  16 
c.  p.'s,  30)  will  be  required  for  a  current  of  o.i  cc.  This  would  be 
troublesome,  hence,  an  expedient  was  resorted  to  which  not  only 
enabled  us  to  obtain  very  small  currents  with  but  few  lamps,  but 
also  to  obtain  several  currents  varying  widely  in  strength  (from 
20  to  o.  I  cc.)  at  the  same  time.  The  above-mentioned  limits  can 
be  increased,  if  necessary,  but  they  are  the  extremes  demanded 
for  electrol3rsis  with  the  usual  apparatus. 


9<BtfW  ** 


This  expedient  and  the  principle  upon  which  it  depends  may  be 
explained  by  the  aid  of  the  accompanying  figure  (Fig.  i).     Let 

**  i»  2, 3,  4,  5 '  *  represent  a  series  of  lamp-sockets  on  the  circuit  -\ ; 

suppose  each  socket  to  be  furnished  with  binding  screws,  so  that 
a  side  current  as  a,  d,  c,  around  socket  2,  can  be  taken  around  it. 
Suppose,  also,  that  five  lamps  of  equal  resistance  be  screwed  in 
the  sockets,  and  the  iio-volt  current  be  passed  through  the  cir- 
cuit. Then  the  potential  of  the  side  current  a,  b,  c  will  be  a  frac- 
tion of  the  potential  of  the  main  current  -\ whose  enumerator 


.  •  ». 
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is  one  and  denominator  the  numb^  of  lamps,  the  lamps  being  of 

equal  resistance.    In  this  case  we  have  five  lamps  in  circuit,  hence 

the  potential  in  the  side  current  over  one  lamp  is  one- fifth  of  no 

volts,  or  22  volts.     Now  this  side  current  can  t(p  dealt  with  as  an 

independent  current,  and  as  the  potential  or  numerator  in  the 

equation, 

E 

C- 

R 

becomes  for  this  curcuit  22  volts,  as  against  no  volts  in  the  main 
circuit,  this  current  can  be  reduced  with  one-fifth  the  resistance 
required  to  produce  the  same  efiect  in  the  main  circuit.  Hence, 
only  three  night  lamps  or  six  average  blackened  i6-candle  power 
lamps  are  required  to  reduce  this  side  current  to  o.  i  cc.  per  minute. 


22 


o.i  = 


R. 


R,  =  2200  ohms  ; 


R.  of  three  (3)  night  lamps  equals  2250  ohms. 

In  the  above  example  the  resistance  of  the  lamps  is  taken  as 
equal,  but  if  two  lamps  are  placed  in  series,  the  resistance  of  the 
first  being  four  times  that  of  the  second,  the  potentials  of  the  side 
currents  taken  around  these  lamps  will  vary  directly  as  the  resis- 
tance of  the  lamps.  Hence,  if  the  potential  of  the  main  current 
^,  -5  be  no  volts,  the  resistance  of  a  lamp  in  socket  Z>,  4  ohms, 


J      € 

and  of  one  in  socket  C,  i  ohm,  the  potential  of  the  side  current 
•*a,  c,  y  around  lamp  D  will  be  four-fifths  of  no  volts,  or  88 
volts,  and  the  potential  of  the  circuit  *'^,  ^,/"  around  the  one 


i 
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ohm  lamp  C  will  be  one-fifth  of  1 10  ohms,  or  22  ohms ;  hence, 
this  latter  circuit  will  give  the  smaller  current  for  equal  resistances 
in  the  proportion  of  i  to  4.  It  is  easily  seen  that  by  increasing 
the  number  of  lamps  in  the  main  circuit,  several  side-currents  can 
be  operated,  or  side-currents  can  be  taken  around  lamps  which  are 
in  other  side-currents,  and  the  potential  carried  to  an  infinitesimal 
if  desired.  By  placing  three  50-candle  power  lamps  in  the  niain 
circuit  in  series,  and  introducing  in  the  side-current  around  one 
of  them  three  (3)  night  lamps,  and  carrying  a  plain  wire  of  no  re- 
sistance around  another,  we  obtained  in  the  night  lamp  circuit  a 
current  of  0.22  cc.,  and  in  the  plain  wire  circuit  a  current  of  11.4 
cc,,  or  51  times  as  large. 

If  very  large  currents  are  desired,  say  from  4  amperes  up,  50- 
candle  power  lamps  may  be  placed  in  parallel,  each  lamp  will  let 
through  from  two  to  three  amperes,  according  to  the  pattern. 
Side-currents  may  be  taken  from  these  lamps,  and  resistances  in- 
troduced as  usual,  thus  allowing  the  simultaneous  running  of 
larger  and  smaller  currents  than  can  be  obtained  by  the  series 
arrangement. 

With  two  currents  of  different  strengths  running  at  the  same 
time,  the  increasing  of  the  smaller,  or  side-current,  was  not  found 
to  diminish  the  larger,  or  main  current.  Thus,  when  the  main 
current  was  1 1.4  cc.  per  minute,  the  side-current  was  increased  by 
the  subtraction  of  resistances  fi-om  0.22  to  6  cc,  without  any  sen- 
sible efiect  on  the  main  current. 

The  following  diagram  and  explanation  will  describe  the  ar- 
rangement of  lamps  and  wires  necessary  to  obtain  current  sufficient 
for  quantitative  electrolysis.  The  whole  apparatus  can  be  made 
from  a  few  yards  of  insulated  copper  wire,  some  16  wooden  lamp 
sockets,  and  blackened  lamps,  say  six  50-candle  power,  three  32- 
candle  power,  six  24-candle  power,  and  six  i6-candle  power. 
Night  lamps  may  also  be  added,  but  as  they  are  rarely  returned 
to  the  stations  in  a  blackened  condition,  old  ones  cannot  be  ob- 
tained, and  new  ones  must,  of  course,  be  paid  for.  The  above 
outfit  will,  however,  answer  all  purposes.  Some  binding  screws, 
connections,  and  plugs  will  also  be  necessary  in  addition  to  those 
which  are  put  in  with  the  electric  light  wires. 
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The  main  wires  +>  +i  ^-  (Fig-  3)»  are  furnished  with  sockets 
Af  By  Cfor  the  introduction  of  safety  plugs,  which,  for  the  small 
currents  used  in  electrolytic  work,  need  not  exceed  6  lamp  leads. 
The  main  wires  terminate  in  binding  screws,  by  which  they  are 


connected  with  the  series  of  sockets  i,  2,  3,  4,  5.  In  these  the 
lamps  for  reducing  the  main  current  are  placed,  and  if  only  one 
determination  or  like  determinations  are  required  to  be  made,  only 
this  series  will  be  necessary  if  ordinary  currents  are  required.  If, 
however,  two  or  three  difierent  determinations,  or  some  requiring 
very  small  currents  are  to  be  made,  side-currents  can  be  formed,  as 
around  sockets  2  and  4,  and  the  current  brought  to  the  desired 
size  by  the  introduction  of  resistances  in  the  series  of  sockets  E 
and  F;  K  and  Z,  will  represent  the  proper  position  of  the  solutions 
to  be  electrolyzed  by  these  side-currents. 

By  this  arrangement  three  unlike  determinations  can  be  simul- 
taneously made,  one  in  the  main  circuit,  and  one  in  each  of  the 
side-series.  It  is  not  probable  that  a  large  number  will  be  re- 
quired  to  be  made  at  any  one  time,  but  if  such  should  be  the  case, 
other  sets  of  sockets  may  be  put  up  and  potentials  be  taken  over 
other  lamps.  The  sockets  may  be  placed  on  the  wall  above  the 
desk,  the  wires  leading  down  to  the  solutions  to  be  electrolyzed. 
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This  seems  to  be  the  most  convenient  arrangement,  but  others 
may  be  adopted,  as  best  fitted  to  the  place  or  operation,  or  as 
suited  to  the  taste  of  the  operator.  The  above  arrangement  can 
also  be  adapted  to  the  parallel  system  by  breaking  the  connection 
of  the  sockets  used,  with  each  other,  and  connecting  each,  one 
separately  with  the  binding  posts  of  the  main  wires. 

The  current,  as  described  above,  comes  from  the  Edison  **  three- 
wire"  system.  The  wires  of  any  other  incandescent  system  may, 
of  course,  be  used,  and  the  plans  given  here  will  apply  as  well, 
save  that  the  neutral  wire  is  a  feature  of  the  Edison  system.  The 
lamps  used  in  these  experiments  were  all  of  the  Edison  pattern. 
The  resistance  of  lamps  of  other  makes  will,  of  course,  difiFer. 
However,  it  is  an  easy  matter  to  determine  the  resistance  of  a  lamp, 
and  when  once  found,  the  lamp  can  be  marked,  and  will  remain  a 
practical  standard  for  some  time.  The  lamps  which  we  have  used 
constantly  in  our  experiments  for  some  months  have  not  sensibly 
changed  their  resistance.  It  should  be  remembered  that  there  is 
a  constant  tendency  to  increase  the  resistance  of  incandescent 
lamps,  and  thus  cheapen  the  cost  of  illumination.  It  is  expected 
that  the  resistance  may  be  doubled  for  the  same  candle-power 
lamp.  For  the  taking  oflF  of  side-currents,  lamps  of  low  resistance 
are  needed  in  the  main  current,  in  order  not  to  weaken  it  too 
much ;  hence,  old  patterns  of  100  and  50-candle  power  lamps 
should  be  sought  for  this  purpose,  as  they  have  lower  resistance 
than  newer  patterns. 

The  cost  of  the  electric  current  may  be  placed  at  about  one  cent 
per  hour  for  a  current  of  three-quarter  ampere,  or  7^  cc.  As  most 
determinations  do  not  require  a  current  much  exceeding  this,  it 
cannot  be  called  expensive,  even  setting  aside  its  other  advantages 
of  convenience,  etc.  In  view  of  the  contemplated  increase  of  re- 
sistance in  the  carbon  filament,  it  may  .be  expected  that  the  cost 
of  the  current  may  be  considerably  lessened. 

It  was  not  our  purpose  to  enter  upon  the  investigation  of  quan- 
titative electrolysis,  as  given  by  Classen  himself  His  name  is 
sufficient  to  vouch  for  the  excellence  of  his  methods.  We,  how- 
ever, have  endeavored  to  furnish  a  means  that  would  render  the 
prosecution  of  these  methods  of  analysis  an  easier  task  than  when 
the  chemist  is  dependent  on  batteries  and  other  generators  requir- 
ing care  and  expense,  and  we  are  convinced  that  the  electric  light 
current  will  answer  this  purpose. 
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A  number  of  analyses  were  made,  more  for  the  purpose  of  ac- 
quiring a  knowledge  of  manipulation,  and  the  other  practical  de- 
tails of  analysis,  than  to  attempt  to  demonstrate  the  utility  of  the 
electrolytic  methods.     The  results  were  very  satisfactory. 

The  advantages  of  obtaining  a  current  from  the  electric  light 
wire  and  of  using  lamps  as  resistances  in  quantitative  electrolysis 
may  be  summed  up  as  follows  : 

1.  The  current  is  convenient,  reqmres  no  care  to  keep  it  in 
working  order,  and  no  labor  to  set  it  in  operation. 

2.  Any  current  can  be  obtained  by  the  use  of  lamps  fix)m  75 
amperes  down  to  a  hundredth  of  a  cubic  centimeter,  and  lower 
still,  if  desired. 

3I  The  cost  of  setting  up  and  maintaining  is  small. 

4.  Incandescent  lamps  furnish  an  easy  and  reliable  means  of 
controlling  the  current,  and  they  are  not  subject  to  the  changes 
resulting  from  fumes,  heat,  and  spraying,  which  injure  rheostats 
and  other  metal  appliances. 

5.  The  current  is  safe,  and  when  once  arranged  can  be  left  with 
the  assurance  that  no  weakening  or  stoppage  will  take  place; 
hence,  analyses  can  be  run  during  the  night,  and  the  analyst  can 
return  in  the  morning  sure  that  the  current  has  accomplished  the 
end  designed. 

A  PROCESS  FOR  THE  REMOVAL  OF  THE  UNT 

FROM  COTTON-SEED. 

By  Wm.  L.  Dudley. 

The  ** sea-island"  or  ** long-staple*'  cotton  (jGossypium  Barba- 
dense)  and  the  Egyptian  cotton  have  naked  seed,  while  the  •*  up- 
land" or  "short  staple"  cotton  (jG.  Herbaceum)  of  the  United 
States  has  seed  encased  in  a  mass  of  fiber  firmly  adherent  to  the 
seed-coat. 

The  seed  crushed  in  England  for  the  extraction  of  the  oil  is 
largely  the  Egyptian,  but  in  the  United  States  the  great  source  of 
the  oil  is  the  ** upland"  seed,  as  the  ** sea-island"  cotton  grows 
over  a  very  limited  area.  In  consequence  of  this  hairy  envelope 
which  surrounds  the  American  cotton-seed,  decortication  is  neces- 
sary previous  to  the  expression  of  the  oil.  The  Egyptian  and 
**  sea-island  "  seed  need  only  be  crushed,  heated  and  pressed. 

Besides  the  expense  of  decorticating  the  American  seed,  much 
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"meat*'  is  lost  by  becoming  entangled  in  the  hulls  and  failing  to 
separate ;  on  this  account  the  oil-yield  is  lower  by  several  gallons 
per  ton  than  that  from  the  naked  seed,  and  the  yield  of  *'cake''  is 
less  as  it  contains  no  hulls.  The  American  seed  will  not  stand 
storage  nor  shipment  well  (especially  export),  as  moisture  ab- 
sorbed by  the  fibrous  envelope  will  enable  fermentation  to  set  in. 

The  process  for  the  treatment  of  American  seed  is  briefly  as  fol- 
lows :  They  are  (i)  run  through  **linters,'*  which  remove  as  much 
as  possible  the  cotton  which  has  been  left  on  the  seed  by  the  gin  ; 
(2)  decorticated  by  a  machine  which  cuts  the  seed-coat,  whereupon 
the  "meat**  and  the  "hulls**  fall  apart ;  (3)  separated  by  passing 
through  an  inclined  revolving  screen  having  meshes  which  allow 
the  "meat**  to  fall  through,  while  the  * 'hulls'*  are  retained  and 
roll  out  at  the  lower  end ;  or  by  means  of  an  air  blast ;  (4)  the 
"meat**  is  heated  and  pressed.  The  hulls  are  burned,  and  the 
ash,  rich  in  potash,  has  a  market  value. 

All  mechanical  methods  which  have  been  devised  to  strip  the 
seed  of  its  fiber  have  proved  unsuccessful,  either  from  imperfect 
performance  or  lack  of  speed. 

The  chemical  process  described  below  was  devised  some  time 
since  (U.  S.  Pat.  344,951)  by  the  author  and  N.  W.  Perry,  E.  M. 
It  has  never  been  tried  commercially,  but  its  success  is  perfect  on 
a  small  scale. 

The  seed  after  linting  are  subjected  to  the  action  of  NjO,  and 
SO,,  either  in  the  above  order  or  mixed  together ;  enough  air  at- 
tending them  to  **  regenerate  *'  the  NO.  This  is  probably  best  ac- 
complished by  having  the  seed  descend  a  chute  slowly  through 
which  a  current  of  N,Oj  is  ascending,  and  then  into  a  chute  where 
SO,  and  air  are  ascending  ;  or  they  may  descend  through  a  chute 
having  an  ascending  current  of  N^Oj,  SO,,  and  air.  After  a  few 
seconds'  exposureto  these  gases  under  proper  conditions,  the  fiber 
on  the  seed  has  changed  very  little  in  appearance,  but  its  structure 
is  so  completely  destroyed  that  the  slightest  friction  causes  it  to 
fall  into  an  impalpable  powder.  The  seed  are  left  perfectly  smooth, 
showing  no  signs  of  corrosion.  They  have  a  slight  acid  reaction 
on  the  outside,  but  the  acid  is  speedily  removed  by  washing.  The 
seed-coat  is  very  hard,  and  is  impervious  to  the  gases.  No  trace 
of  add  has  ever  been  discovered  in  the  interior.  The  seed  germi- 
nate very  quickly  if  planted.     The  acidity  may  also  be  removed 
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by  blowing  lime  dust  on  the  seed  as  soon  as  they  come  from  the 
** cleaner"  which  removes  the  disintegrated  fiber;  or  they  may 
be  carried  by  a  conveyer  through  lime  water  and  then  through  a 
dryer.  The  seed  are  now  ready  to  be  crushed  and  pressed,  or  they 
may  be  shipped  and  stored  as  well  as  Egyptian  or  ** sea-island" 
seeci. 

The  * 'cleaner"  referred  to  above  may  be  any  good  grain  cleaner. 
The  disintegrated  fiber  is  quite  dry,  and  is  easily  converted  into 
glucose. 

The  NjO,  and  SO,  may  be  generated  by  any  of  the  well  known 
processes,  but  the  ordinary  methods  employed  in  sulphuric  acid 
making  are  the  most  economical.  In  fact,  this  process  should  be 
operated,  possibly,  in  connection  with  such  works ;  the  gases  es- 
caping firom  the  cotton-seed  chute  being  absorbed  in  the  tower  or 
conveyed  into  the  leaden  chamber,  so  that  there  is  no  loss. 

Vandbrbilt  UirXVBRaiTY, 
February,  189a 


PYRITES  AS  A  MATERIAL  FOR  THE  MANUFACTURE 

OF  SULPHURIC  ACID. 

By  Wm.  H.  Adams,  M.B. 
[CatUinued  from  page  82."] 

It  is  possible  by  the  Claudet  process  to  treat  only  low-grade 
ores,  and  it  will  surprise  most  people  to  learn  that  the  average 
amount  of  precious  metals  in  Spanish  pyrites  rarely  exceeds  $1.50 
per  ton,  and  often  falls  below  $1.00  per  ton,  yet  so  perfect  is  the 
iodine  process  devised  by  Claudet,  that  90  to  96  per  cent,  can  be 
saved  even  when  handling  the  enormous  quantities  of  solutions 
necessary  in  copper  precipitation  with  iron. 

At  the  Failee  Copper  Works,  in  Sweden,  there  is  a  very  simple 
process  in  working  for  the  treatment  of  tailings,  which  are  a  mix- 
ture of  gold  ores  and  fines  from  copper  ores,  the  sortings  from 
working  the  great  open  pits  of  that  property. 

The  ores  are  ground  to  a  powder  with  a  small  amount  of  salt 
and  roasted  in  hearth  furnaces  until  the  sulphides,  arsenides  and 
antimonides  are  fully  decomposed.  The  roasted  charge  is  then 
dumped  into  tanks  and  treated  with  hot  water  to  wash  out  the 
copper  and  silver  salts.  A  very  dilute  solution  of  calcium  chloride 
is  then  added  with  an  equal  volume  of  hydrochloric  acid  of  1.002 
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to  1.003  density,  until  a  sample  of  the  solution  gives  no  gold  re- 
action with  an  acidulated  solution  of  stannic  chloride.  The  solu- 
tion containing  the  gold  is  then  heated  in  wooden  tanks  by  steam 
to  160  degrees  Fahrenheit,  and  the  gold  precipitated  by  means  of 
ferrous  sulphate,  sodium  sulphide,  or  sulphurous  acid,  a  small 
quantity  of  acetate  of  lead  being  added  during  the  precipitation  to 
insure  the  saving  of  all  the  gold.  The  cost  of  working  tailings 
containing  41 .82  grains  of  gold  (about  4  grains  left  in  the  residues) 
was  not  25  cents  per  ton.  A  richer  ore  containing  523.62 
grains  gold  per  tons  (6.02  grains  left  in  the  residues)  cost  only 
2.69  per  ton  for  treatment. 

In  connection  with  the  subject  of  bricking  and  roasting  certain 
classes  of  auriferous  sulphides,  the  attention  of  metallurgists  being 
now  specially  directed  to  this  method  of  handling  low-grade  ores, 
it  will  perhaps  be  remembered  that  a  very  ingenious  method  was 
devised  by  Capt.  Crosby,  superintendent  of  the  North  Barrier 
gold  mine,  Cabarrus  county,  N.  C,  somewhere  about  1867.  It 
consists  in  the  erection  of  a  rectangular  kiln,  well  bound  together, 
and  comparable  to  the  old  style  charcoal  ftimaces  in  outside  ap- 
pearance, say  4x10  feet  inside  measurement,  with  fireplaces  on  the 
ends,  and  frame  doors  for  the  removal  of  the  roast  product  in  the 
froot  and  rear  at  the  base. 

The  interior  was  supposed  to  be  filled  with  a  mixture  of  sul- 
phurets  and  clay,  made  into  a  brick-like  paste  in  the  ordinary  pug 
mill  with  the  admixture  of  chopped  hay  or  kindred  substances. 
In  order  to  provide  draft  for  the  firing,,  the  mass  of  paste  rested 
upon  grate  bars,  and  one-tenth  of  the  interior  was  taken  up  by 
spaces  formed  by  the  standing  on  end  of  numerous  round  bars  of 
iron,  which  were  removed  when  the  paste  had  sufficiently  set  and 
as  firing  progressed. 

These  ores  are  crushed  to  12  mesh,  mixed  with  5  to  8  per  cent, 
fresh  burned  lime,  and  made  into  bricks  of  convenient  shape  for 
stacking  in  an  ordinary  brick  kiln.  The  entire  process  then 
hinges  upon  careful  firing,  by  which  all  the  sulphides  are 
converted  into  soluble  sulphates,  and  from  this  point  any  of  the 
before-mentioned  methods  of  handling  the  solutions  are  applicable 
in  the  recovery  of  the  copper,  gold  and  silver.  If  some  portion  of 
the  process  would  yield  sulphuretted  hydrogen  gas  cheaply,  it 
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would  perhaps  be  desirable  to  precipitate  the  copper,  etc.,  by  in- 
troduction of  this  gas. 

There  would  then  be  about  a  50  per  cent,  product  of  copper, 
with  formation  of  free  sulphuric  acid  to  be  used  in  subsequent 
workings. 

Still  another  process  of  bricking  the  ores,  although  by  the  na- 
ture of  the  gangue  the  bricks  can  be  made  from  the  ore  as  it  is 
mined  and  sorted,  is  the  very  successful  method  pursued  in  Servia 
on  the  Maidanpec  deposits.  The  enormous  reserves  of  low  grade 
copper  ores,  containing  not  to  exceed  i]4  per  cent.,  are  mined  and 
screened  into  tram  cars  for  about  50  cents  per  ton,  everything 
passing  a  two-inch  riddle  going  to  Cornish  rolls,  and  thence  di- 
rectly to  brick  machines,  the  mixture  of  sulphides  and  oxides  in 
proper  proportion  being  carefully  attended  to,  in  order  that  suffi- 
cient sulphuric  acid  shall  be  thrown  off  in  the  roasting  to  sulpha- 
tize  the  latter.  The  bricks  or  slabs  are  built  into  kilns,  in  the 
ordinary  way,  and  allowed  to  dry  for  a  month  before  fires  are 
lighted.  The  firing  occupies  three  months,  and  is  carefully  con- 
ducted to  produce  the  greatest  amount  of  soluble  sulphates. 

The  lixiviation  of  this  ** roast,"  as  conducted  for  the  recovery 
of  the  copper,  iron  and  precious  metals,  is  more  than  ordinarily 
interesting,  but  cannot  clearly  be  stated  in  the  limits  of  this 
article. 

The  "Sebillof  process  has  been  known  for  several  years,  but 
has  not  been  practically  operated  outside  of  France; 

It  consists  in  pulverizing  the  ores  through  a  40-mesh  screen, 
and  exposing  them  to  heat  when  mixed  with  a  proper  proportion 
of  sulphuric  acid,  in  a  special  furnace,  until  all  the  sulphur  in  the 
ores  or  residues,  and  all  the  acid  not  combined,  is  evaporated,  the 
fumes  passing  into  towers  and  chambers. 

The  matte  thus  obtained  in  the  furnace  contains  the  base  metals 
in  the  form  of  sulphates,  the  free  gold  and  silica.  On  plunging  this 
matter  into  water,  the  silica,  gold  and  silver  settle,  while  the  base 
metals  are  taken  into  solution.  Copper  can,  of  course,  be  recov- 
ered by  cementation,  and  the  iron  liquor  evaporated.  This  can  be 
retorted  until  a  pure  peroxide  of  iron  is  obtained,  the  sulphur 
vapors  being  conducted  to  chambers  as  before. 

The  peroxide  of  iron  would  thus  be  obtained  in  the  form  of 
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hard  lumps,  and  could  be  used  for  blast  furnace  material,  or,  by  a 
subsequent  treatment,  fitted  for  the  best  grades  of  paint. 

The  residues  containing  gold  and  silver  would  be  in  most  con- 
venient shape  for  treatment  by  several  methods. 

The  method  employed  in  the  large  way  for  treatment  of  the 
copper  residues  in  England  and  continental  works,  known  as  the 
Henderson  process,  consists  in  pulverizing  the  residues  from  the 
kilns  to  pass  a  twenty-mesh  screen,  during  which  operation  crude 
salt  is  added  to  the  extent  of  250  to  300  pounds  per  ton  of  cinders. 
This  prepared  material  is  then  roasted  in  a  muf&e  furnace  for  five 
hours,  the  air  being  excluded  until  all  its  copper  is  known  to  be 
soluble  in  water.  An  excess  of  salt  present  causes  the  com- 
plete solution  of  the  silver,  and  in  some  unknown  way  the 
gold  goes  into  solution.  The  roasted  charge  is  cooled,  then 
dumped  into  vats  or  tanks  which  have  false  bottoms,  and  leached 
with  a  liquor,  the  product  of  the  fumes  firom  the  roasting  furnaces 
caught  in  coke  towers  through  which  water  is  dripped — a  weak 
hydrochloric  acid. 

The  first  three  washings  of  the  ore  charge  are  taken  ofi"  for  depo- 
sition of  tbe  silver  and  gold  by  the  Claudet  process,  and  the  liquor 
is  then  run  into  tanks  for.  the  deposition  of  its  contained  copper  by 
means  of  iron. 

The  simplicity  of  the  plant  and  perfect  control  which  can  be 
exercised  over  the  necessary  operations  for  conversion  of  sulphides 
into  soluble  chlorides,  recommends  this  process  to  practical  men, 
and,  as  the  patents  have  expired,  it  is  now  open  to  use  wherever  the 
ores  are  suitable 

During  the  past  few  years  there  have  been  several  practical  in- 
troductions of  electrolytic  methods  for  treatment  of  ores  and  mattes, 
containing  gold,  silver,  copper,  etc.,  their  publication  by  the  tech- 
nical press  bringing  them  to  general  notice. 

A  very  important  innovation  on  existing  methods  comes  to  us 
lately  firom  the  German  scientist.  Dr.  Hopfiier,  who  proposes  no 
less  than  direct  conversion  or  reduction  of  copper,  silver,  etc., 
from  their  ores,  by  means  so  simple,  regular,  and  inexpensive,  as 
to  make  available  many  deposits  of  minerals  at  present  of  no  com- 
mercial value. 

An  outline  of  this  process,  the  fundamental  principle  of  which 
is  the  use  of  chlorides,  will  prove  to  observant  students  how  nearly 
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on  parallel  lines  the  great  working  processes  of  the  past  one  hun- 
dred years  have  ranged  themselves,  and  how  essential  to  success 
the  minor  points,  perhaps  the  baffling  part  of  an  almost  perfect 
working,  may  become  when  electricity  is  added  to  our  forces. 

Dr.  Hopfner  makes  use  of  a  solution  of  cupric  chloride  to 
which  is  added  in  certain  definite  proportions  chlorides  of  cal- 
cium, or  sodium.  The  energetic  eflfect  of  these  solvents  is  height- 
ened by  the  action  of  the  electric  current,  and  by  simple  methods 
metals  are  electrolytically  deposited,  while  at  the  same  time  a  lix- 
ivium is  produced,  which  is  capable  of  leaching  copper,  silver, 
etc.,  firom  raw  ores.  A  cycle  is  inaugurated  by  mechanical  meth- 
ods from  the  depositing  to  the  leaching  tanks  in  manner  substan- 
tially as  follows : 

One  or  more  baths  are  divided  by  diaphrams  into  two  compart- 
ments. One,  the  anode,  contains  electrolytic  insoluble  carbon 
anodes  ;  the  other  contains  copper  plate  cathodes.  A  halogen- 
salt,  cupric  chloride  solution,  with  chloride  of  calcium,  flows 
by  the  anode  and  the  cathodes.  At  the  latter,  2.36  gms.  of 
metallic  copper  are  precipitated  by  the  current-unit  each  ampere- 
hour,  which  is  double  the  quantity  heretofore  deposited  firom  an 
oxide-salt  solution,  for  example,  a  copper-sulphate  solution. 

The  lye  at  the  cathodes,  as  it  slowly  flows  past  the  series  of 
cathodes,  becomes  gradually  freed  fi^om  its  copper,  nearly  every 
trace  being  deposited.  It  then  leaves  the  bath  to  be  retained  for 
use  in  the  indicated  cycle.  The  anode  lye  preserves  its  copper 
contents,  but  there  is  a  gradual  change  to  cupric  chloride,  which 
is  finally  and  continuously  expelled,  to  be  afterwards  used  as 
a  leach  for  the  finely  pulverized  raw  copper  and  silver  ores. 
The  cuprous  chloride  lye  formed  takes  up  the  exact  quantity 
electrolytically  precipitated  as  metallic  copper.  The  concentra- 
tion of  the  lye  in  view  of  the  copper  contents,  is  now  twice  as 
great  as  at  first,  and  in  order  to  reproduce  the  original  state  of 
concentration,  the  lye  which  has  flowed  off"  the  cathode  cells  and 
which  has  been  freed  firom  copper,  is  mixed  with  the  lye  firom  the 
anode  cells  which  has  passed  through  the  leaching  tanks.  The 
regenerated  cuprous  chloride  solution  flows  again  to  the  anodes 
and  cathodes,  with  results  as  first  noted,  the  former  changing 
the  solution  to  cupric  chloride  and  the  latter  fi-eeing  the  solution 
from  its  copper.     The  fact  merits  special  attention  that  simultan- 
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eously  witli  the  copper,  the  silver  contained  in  the  ores  goes  into 
solution,  wbicb  is  not  the  case  when  other  extraction-liquids  are 
used,    for    example,   ferric   sulphate.      The  silver   contained  in 
the  lyes  is  separated  by  itself,  either  galvanically, — it  detaches 
itself  at  the  first  cathode  plates  of  the  first  bath, — or  chemically 
before  the  copper  precipitation.     The  resultant  copper  is  conse- 
quently cbemtcally  pure.     The  quantity  of  copper  which  can  be 
precipitated  in  this  Hopfner  process  by  a  mechanical  horse-power 
=  690  volt  amperes,  with  a  pole-tension  of  0.8  volt,  and  with  a 
sufficient  number  of  baths,  amounts  to  43.9  kilograms  (96.58  lbs), 
the  current  loss  being  10  per  cent.     Then,  as  in  every  ampere 
hour  2.36  gms.  of  copper  are  precipitated,  the  amount  of  copper 
precipitated  in  a  period  of  twenty- four  hours  with  one  volt  tension 

will  be 

690x2.36x24 

=^  48.8  kilogrammes  (107.36  lbs.). 

1000x0.8 

A  loss  of  10  per  cent,  deducted  from  the  above  calculated  quan- 
tity of  48.8-4.9  =  43.9  kilogrammes  (96.58  lbs.)  per  horse  power 
per  day  is  given.  By  the  use  of  larger  machinery  installations, 
and  by  reckoning  a  fourth  of  the  total  work  necessary  on  the  req- 
uisite pumps  and  also  on  the  mechanical  motion  of  the  lixiviating 
apparatus,  and  three-fourths  on  the  electro-dynamic  power,  it  is 
shown,  taking  30  kilogrammes  (66  lbs.)  of  coal  per  horse  power, 
and  10  per  cent,  current  loss,  that  almost  33  kilogrammes  (72.6 
lbs.)  of  chemically  pure  copper  are  obtained  from  pulverized  raw 
ore  with  30  kilogrammes  (66  lbs.)  of  coal.  This  is  a  result  which 
has  never  hitherto  been  obtained  and  it  finds  a  use  for  even  the 
very  poorest  copper  ore.  It  is  clear  from  the  foregoing  that  the 
Hopfner  process,  which  is  already  in  application  in  Saxony,  West- 
phalia, and  Norway,  is  technically  worked  out  to  the  smallest  de- 
tails, and  in  all  probability  it  will  soon  establish  for  itself  a  high 
reputation. 

There  are  numberless  suggestions  which  might  be  taken  from 
the  workings  of  the  trained  metallurgists  of  the  world  and  applied 
to  successful  utilization  of  the  ores  of  the  United  States. 

1st  A  railway  center  is  indispensable,  contiguous  to  or  within 
reasonable  distance  of  minerals,  such  as  copper,  zinc,  lead,  etc., 
with  more  or  less  gold  and  silver. 
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2d.  Coal  and  coke  within  easy  reach,  and  at  fair  average  prices. 

3d.  Markets  for  products  of  the  works. 

4th.  Cheap  money  for  carrying  the  products. 

As  distinguished  from  the  works  now  established,  such  a  metal- 
lurgical plant  would  be  divided  into  departments,  as  follows  : 

First  Department. — Crushing,  sampling  and  sorting  of  all  ores 
brought  from  the  several  mining  sections.  Valuations  and  com- 
positions of  all  products  would  here  be  determined  for  subsequent 
operations. 

Second  Department, — Roasting  of  ores, 
(a.)  For  manufacture  of  sulphuric  acid  direct  from  gases. 
(A.)  In  muf&e  furnaces  with  tower  process  for  saving  chlorhy- 
dric  acid  from  waste  gases. 

(r.)  In  hearth  furnaces  for  regulus. 

Third  Department, — Smelting  of  all  ores  which  by  their  nature 
would  properly  concentrate  to  advantage  by  means  of  heat.  The 
regulus  from  the  operations  in  this  department  would  be  returned 
to  the  roasting  furnaces  or  be  treated  direct  by  acids  and  electricity. 

Fourth  Department, — Chlorination,  lixiviation,  precipitation, 
and  separation  plants  for  the  several  metals  under  treatment. 

Fifth  Department, — Chemical  plants  for  manufacture  of  sulphuric 
acid,  nitric  acid,  muriatic  acid,  and  mixed  acids  for  nitro-glycerine 
compounds. 

Sixth  Department, — Acid  phosphate  works  for  the  treatment  of 
rock  phosphates  with  chamber  acids. 

It  needs  no  argument  at  this  late  day  to  prove  that  such  a  work 
established  on  metallurgical  principles,  and  in  the  proper  position 
in  the  United  States  with  regard  to  the  best  class  of  ores  for  acids, 
primarily,  and  for  copper,  iron,  zinc,  lead,  and  gold  and  silver, 
would  be  a  grand  success  from  the  start,  as  in  no  other  country  in 
the  world  are  so  many  factors  of  success  to  be  found  within  the 
same  radius. 

In  Alaska  the  Treadwell  mines  are  working  at  the  rate  of  600 
tons  of  ore  daily,  the  value  of  which  is  but  $5  per  ton  ;  in  Dakota 
there  is  a  daily  working  of  over  1000  tons  of  ore  which  carries  less 
than  $4  per  ton.  It  is  well  known  what  successes  the  mines  men- 
tioned have  made  in  the  face  of  the  fact  that  nothing  but  the  gold 
in  the  ores  has  a  value,  and  against  which  all  costs  have  to  be 
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placed.  Wliat  would  be  the  result  of  working  mine  ores  of  treble 
value  when  the  sulphur  alone  would  pay  for  all  costs  of  extrac- 
tion ?  The  w^orking  cost  of  the  ores  mentioned  is  not  greater  than 
$3  per  ton,  and  there  are  millions  of  tons  of  ores  in  the  Southern 
States  wliich  will  be  worked  for  less  than  that  sum  when  Western 
methods  are  brought  to  bear  on  this  problem. 

At  the  Haile  mine,  in  South  Carolina,  there  is  a  complete  plant 
for  the  crushing  and  concentrating  of  the  gold  ores  found  so  abun- 
dantly on  that  belt.  The  concentrates  are  about  6  per  cent,  of  the 
stamp  stock,  and  will  assay  about  $35  per  ton  raw.  These  con- 
centrates are  worked  by  roasting  and  chloridizing  for  about  $3.50 
per  ton,  with  a  result  of  95  per  cent,  assay. 

We  thus  have  a  basis  for  calculation  (which  cannot  be  con- 
founded with  the  generalizing  so  frequently  the  basis  for  remarks 
of  this  character)  which  enables  us  to  make  the  positive  statement 
that  sulphuric  acid  works  could  be  run  on  this  class  of  material 
'With  the  following  result : 

Working  statement  of  a  metallurgical  process  on  sulphurets 
containing  gold,  by  which  the  sulphuric  acid  is  first  saved  and  the 
ores  then  chloridized  by  the  **Thies*'  method  : 

Products, 

17  tons  chamber  acid  at  f  10 f  170.00 

6  tons  iron  residne  at  f  2 12.00 

Gold,  95  per  cent,  of  assay  value 332.50 

Total  value  of  product l5i4*5o 

Costs. 

10  tons  of  concentrates,  from  stamps  and  van* 

ners,  charged  to  works  at  assay  value,  I35,    I350.00 

Less  loss  in  treatment,  fi.75 i7-5o 

Net  value  of  concentrates I332.50 

Less  charges  for  working  at  f  10 100.00 

Net  cost  of  the  ore  to  works I232.50 

Costs  of  manufacture  of  acid,  as  per  cost-sheet 

in  my  former  article 38.25 

Cost  of  chloridizing  the  roasted  product  to  ob- 
tain pure  gold  atfe 30.00 

Total  cost  on  10  tons  concentrate l300'75 

The  net  profit  to  the  metallurgical  works  is,  daily  ...    I213.75 
Or,  J2i.37>^  per  ton  of  ore  treated. 
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Mine  engineering  and  metallurgy  are  now  admitted  to  be  special 
branches  of  science  requiring  closer  study  and  a  more  intimate 
knowledge  of  reactions  of  the  elements  in  a  large  way  than  was 
possible  to  compass  by  .the  strict  old  school  methods  of  attaining 
chemical  knowledge  alone.  The  scope  is  broadening  every  year, 
and  at  the  same  time  the  field  is  narrowing  as  specialists  are  called 
to  work  out  problems  on  so  grand  a  scale.  There  is  room  in  this 
country  for  every  variety  of  talent  in  special  work,  but  above  all 
and  controlling  all,  there  must  be  the  same  expansive  ideas  in 
management  of  a  metallurgical  plant  of  the  character  referred  to 
in  my  remarks  as  is  found  in  control  of  each  of  the  successful 
works  already  established  throughout  the  country.  The  business 
management  more  than  all  other  things  means  success  or  ^ilure 
to  any  complicated  yet  easily  divided  departmental  workings,  and 
whether  it  be  iron,  steel,  cotton,  oil,  fertilizers  or  a  metallurgical 
plant,  no  mistakes  should  be  made  on  the  score  of  management — 
the  best  man  without  regard  to  price  should  have  charge. 

It  is  the  earnest  wish  of  many  specialists  in  metallurgy  who  are 
well  aware  of  the  possibilities  of  the  mining  sections  of  the  Atlan- 
tic coast  that  such  a  works  may  soon  be  a  reality,  and  if  my  writ- 
ings have  had,  or  may  have,  any  influence  in  directing  the  atten- 
tion of  those  most  interested  to  that  end,  I  shall  feel  that  the  time 
has  been  well  spent. 


NOTES  ON  A  NEW  CRYSTALLINE  FERRO- 

NICKEL  ALLOY. 

By  David  H.  Browne. 

The  discovery  of  an  alloy  of  exact  crystalline  form  is  always  of 
metallurgical  interest  as  showing  a  natural  tendency  of  the  com- 
ponent metals  to  unite  in  the  proportions  thereby  indicated.  In 
Mr.  Riley's  article  on  '*Ferro-Nickel,'*  quoted  in  Mr.  Howe's 
Metallurgy  of  Steel,  No,  12  of  his  series  contains  49.4  percent, 
nickel,  and  is  the  highest  alloy  in  nickel  I  can  find  recorded.  An 
alloy  containing  56  per  cent,  nickel  will  therefore  be  of  some  scien- 
tific interest. 

In  August,  1 89 1,  when  **spalling*'  or  breaking  matte  in  the 
yard  of  the  Canadian  Copper  Co.,  near  Sudbury,  Ontario,  a  pot 
of  matte  was  noticed  with  a  cavity  in  the  center.    This  cavity  was 
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lined  with  brilliant  tin-white  crystals,  which  penetrated  about  half 
an  inch  into  the  surrounding  matte.  By  careful  crushing  of  the 
matte  and  separation  with  a  magnet,  a  few  grams  of  these  crystals 
were  obtained  suflBciently  pure  for  analysis. 

The  crystals  resembled  nothing  so  much  as  small  comer  cuttings 
of  very  thin  tin-foil,  varying  in  size  from  a  few  lines  to  perhaps 
half  an  inch  on  the  longest  edge.  The  form  was  universally  that 
of  a  right-angled  isosceles  triangle,  though  twinned  crystals  were 
often  met  with. 

CRvrrALS  OF  PEMIO- NICKEL. 

On  examination  with  a  lens  no  striation  or  crystalline  markings 
were  found  on  the  surface  of  the  crystals,  except  occasional  cubi- 
cal or  square  flat  crystals  of  pure  copper.  The  crystals  of  ferro- 
nickel  were  very  strongly  magnetic,  and  exceedingly  tough  and 
flexible.  They  were,  however,  so  thin  that  it  was  impossible  to 
determine  anything  in  regard  to  their  hardness,  it  being  difiScult 
to  see  whether  the  cut  made  by  a  knife  was  due  to  scratching  or 
shearing  by  the  steel.  Owing  also  to  their  size  and  lack  of  con- 
tinuity no  determination  could  be  made  of  their  tensile  strength. 

The  crystals  were  either  insoluble  or  very  slightly  soluble  in 
dilute  or  strong  hydrochloric  or  sulphuric  acid,  whether  hot  or 
cold,  and  very  slowly  soluble  in  cold  dilute  nitric  acid.  In  hot 
dilute  nitric  acid  they  were  readily  soluble,  also  in  aqua  regia. 
In  no  case  was  any  trace  of  siliceous  or  carbonaceous  residue  no- 
ticed after  solution  of  the  alloy.  Analysis  of  two  selected  samples 
was  as  follows : 

No.  I.  No.  2. 

Copper 4.89  3.64 

Iron 43.3  44.0 

Nickel 52.1  52.4 

100.29        100.04 

Both  analyses  are  a  trifle  high,  owing  to  the  smallness  of  the 
samples  taken.  As  is  evident  from  the  variation  in  copper,  as 
well  as  its  crystallizing  on  the  surface  of  the  alloy,  copper  seems 
to  be  a  foreign  element.  Eliminating  this,  and  recalculating 
analysis  of  lot  No.  2  to  100  per  cent.,  we  have  : 
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Iron 45.64 

Nickel 54-36 

100.00 

This  corresponds  very  nearly  to  the  formula  Ni,Feg. 

The  matte  from  which  these  scales  separated  differed  neither  in 
appearance  nor  method  of  production  from  any  low  grade  copper- 
nickel  matte.  Analysis  of  the  day's  run  of  matte  showed  an 
average  of  18.75  P^""  cent,  copper  and  16.63  P^^^  cent,  nickel.  As 
a  general  rule,  no  variation  in  percentage  of  metal  is  noticed  be- 
tween top  and  bottom,  center  or  outside  of  a  pot  of  matte.  In 
this  case,  however,  a  segregation  of  constituents  can  be  seen. 


cnoM-accTioN  of  a  pot  of  matte  showing  cavity 

AND  LOCATION  OF  ANALV6Et. 

A,  Scales  in  cavity  at  center. 

B,  matte  immediately  surrounding  scales. 
C  matte  6  inches  from  the  scales. 

A.  B.  C. 

Copper 3.64  17.94  19.82 

Nickel 52.4  14.50  15.00 

Iron 44.0  37.75  36.35 

Sulphur 0.0  28.87  27.21 

It  will  be  noticed  that  nickel  shows  the  greatest  segregation, 
that  element  seeming  to  withdraw  suddenly  from  the  matte  at  B 
to  unite  with  the  iron.  Copper  appears  to  have  been  forced  toward 
the  outside  of  the  pot  to  make  room  for  the  inward  flow  of  nickel. 

I  have  very  often  noticed  that  a  growth  of  copper  crystals  will 
form  on  the  surface  of  a  piece  of  matte  broken  when  hot,  the  crys- 
tals often  forming  in  a  few  hours,  but  I  have  never  before  noticed 
a  similar  gprowth  of  nickel  or  ferro-nickel  crystals.  I  would  be 
much  interested  to  hear  through  the  columns  of  this  Journal  from 
any  chemist  of  similar  phenomena  falling  under  their  own  obser- 
vation. 
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Read  before  the  Washington  Chemical  Society,  February  it,  1892. 
Communicated  to  this  Journal  by  H.  W.  Wiley. 

THE  BEHAVIOUR  OF  SUGAR  SOLUTION 

WITH  ACETONE. 

Bv  William  .H.  Krcg  and  K.  P.  McElroy. 

Acetone  and  water  are  perfectly  miscible  in  all  proportions  at 
ordinary  temperatures.    If  we  take  such  a  mixture  of  acetone  and 
water  containing  more  than  lo  per  cent,  of  acetone  and  add  small 
quantities  of  sugar,  dissolving  the  latter  after  each  addition,  we 
*  will  reach  a  point  where  upon  the  next  addition  of  sugar  the 
acetone  separates  out  in  a  clear  layer  floating  on  the  sugar  solu- 
tion.   We  can  continue  to  add  sugar  until  the  water  is  saturated. 
It  will  then  still  contain  a  small  percentage  of  acetone  which  is 
soluble  even  under  these  conditions.     On  account  of  the  highly 
viscous  nature  of  a  saturated  sugar  solution,  it  is  impossible  to 
determine  the  amount  of  acetone  soluble  in  it  with  any  accuracy. 
For  75  degrees  C.  it  is  approximately  9.5  per  cent. 

From  the  above  it  is  apparent  that  we  can  not  determine  the 
solubility  of  sugar  in  mixtures  of  acetone  and  water,  but  that  we 
must  exactly  reverse  the  problem,  u  e,,  determine  the  solubility  of 
acetone  in  sugar  solutions  of  varying  concentration. 

Sucrose  is  absolutely  insoluble  in  pure  acetone.  The  acetone 
used  boiled  at  57.5  degrees  C. 

The  following  method  was  devised  for  determining  the  solubility 
of  acetone  in  sugar  solutions  : 

25  gms.  of  a  sugar  solution  of  known  strength  were  rapidly 
weighed  into  a  small  flask,  a  small  thermometer  inserted,  and 
the  flask  closed  with  a  rubber  stopper.     The  whole  apparatus  was 
then  weighed.     It  was  brought  to  the  required  temperature  and 
acetone  added  in  small  quantities  from  a  burette,  the  flask  being 
stoppered  and  shaken  between  each  addition.     The  flask  and  con- 
tents were  carefully  kept  at  the  required  temperature  throughout 
the  whole  experiment.    The  first  quantities  added  dissolved  quickly, 
fomiing  a  clear  liquid.     As  soon  as  the  point  of  saturation,  how- 
ever, was  reached,  the  next  drop  would  cause  a  milkiness,  which 
on  standing  resolved  itself  into  minute  globules  of  acetone.     It 
was  thus  very  easy  to  obtain  the  point  of  saturation.     The  flask 
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;hen  stoppered  and  weighed  again  and  the  weight  of  the  ace- 
added  found  by  difference. 

the  appended  table  of  duplicate  results  shows,  this  method 
7ery  satisfiactory. 
e  solubility  of  acetone  in   sugar  solutions  decreases  as  we 

the  temperature.  Its  solubility  was  determined  for  20,  25 
(o  degrees  C,  the  sugar  solutions  used  ranging  from  40  to  70 
ent.     The  curves  of  solubility  show  that  from  40  to  50  per 

sugar  the  lines  are  practically  parallel.  From  this  point  to 
T  cent,  they  approach  each  other  in  a  regular  manner,  and  it 
i  probable  that  in  a  saturated  sngar  solution  they  meet  at  a- 
lon  point. 

lien  acetone  and  water  are  mixed,  heat  is  evolved,  and  a 
lUtion  of  volume  similar  to  that  occurring  when  alcohol  and 
r  are  mixed,  takes  place. 

Table  0/  Solubility. 

loo  gmi.  Sugar  SolnKon  dluolve  per  cent.  Acetone  at 


;eiit.  Sagar; 

»  Degrees  C. 

«  Degreet  C. 

30  DegTceB  C. 

40 

96.44 

93.76 

89.84 

45 

71.92 

50 

50.83 
35.78 

48.13 

45.85 

55 

33.81 

32-54 

'5-17 

*3-35 

65 

18.33 

17.68 

17.09 

70 

13  M 

13.53 

Duplitate  Results  Obiaintd  by  Method  Used. 
Tempenilare  '^  »  Degrees  C. 


;«il.  Sugar. 

.. 

'- 

Meou. 

40 

96-41 

96.47 

96.440 

45 

71.90 

7>-93 

50-84 

71-915 
50.830 

50 

50.81             j 

55 

35.74             1 

35-775 

35-14             1 

35.20 

25.170 

65 

18.33 

1^33 

18.335 

70 

13- '8           ! 

13-36 

13-230 

:  will  continue  the  study  of  the  behavior  and  solubilities  of 
anic  and  organic  compounds  with  acetone. 
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Jas.  Lewis  Howe. 

*VTKna  advance  sheets  of  the  Proceedings  of  the  American  Association  for  the  Advance- 
lent  of  Science.  Washington  Meeting,  1891. 


;  and  organic  compounds  with  acetone. 


REPORT  OF  THE  COMMITTEE  ON  SPELLING  AND 
PRONUNCIATION  OF  CHEMICAL  TERMS.* 

During  the  past  four  years,  your  committee  has  sought  to  obtain 
from  the  members  of  this  Section,  from  leading  American  Philolo- 
gists, and  from  American  Chemists  in  general,  an  exhaustive  and 
thoroughly  representative  expression  of  opinion  on  the  questions 
coming  within  the  scope  of  its  commission,  which  has  been  essen- 
tially the  attainment  of  uniformity  in  the  orthography  and  pro- 
nunciation of  the  terms  used  in  our  science. 

Three  preliminary  reports  were  distributed  to  American  Chem- 
ists in  the  years  1889,  1890  and  1891,  inviting  extended  criticism 
and  suggestion. 

The  substance  of  the  replies  to  these  was  carefully  digested  and 
submitted  to  the  Chemical  Section  each  year  for  detailed  discus- 
sion and  decision. 

The  present  and  final  report  of  your  committee  embodies  the 
results  of  these  four  years  of  correspondence  and  discussion,  as 
completed  by  the  sectional  action  at  the  present  meeting  of  the 
Association.  It  is  presented  in  the  hope  that  all  chemists,  espec- 
ially those  engaged  in  teaching,  will  cordially  unite  in  the  efifort 
to  bring  about  the  desired  uniformity  in  usage. 

The  reasons  for  the  adoption  of  a  few  more  radical  changes  in 
our  nomenclature  are  to  be  found  in  the  report  for  1890.  Those 
specially  interested  in  the  subject  who  have  not  attended  the  recent 
sessions  of  the  Association  may  freely  correspond  with  individual 
member  of  the  Committee,  who  will  gladly  furnish  more  detailed 
explanation  of  the  principles  involved. 

The  following  summary  of  rules  is  not  to  be  regarded  as  final. 
Your  committee  recognize  the  fact  that  after  a  fair  trial  for  a  de- 
cade or  even  less,  certain  modifications  will  in  all  probability  be 
generally  regarded  as  desirable. 

In  conclusion  the  committee  express  their  sincere  thanks  to 

their  many  colleagues  throughout  the  land,  who  have  so  promptly 

and  ftilly  responded  to  the  successive  requests  for  data,  suggestions 

and  opinions. 

T.  H.  Norton, 
Edward  Hart, 
H.  Carrington  Boi^ton, 
Jas.  Lewis  Howe. 

*From  advance  sheets  of  the  Proceedings  of  the  American  Association  for  the  Advance- 
ment of  Science,  Washington  Meeting,  1891. 
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Ruizes  for  the  Orthography  and  Pronunciation 

OF  Chemicai.  Terms. 

GENERAL  PRINCIPLES  OP  PRONUNCIATION. 

1.  The  pronunciation  is  as  much  in  accord  with  the  analogy  of 
the  English  language  as  possible. 

2.  Derivatives  retain  as  fisu:  as  possible  the  accent  and  pronun- 
ciation of  the  root  word. 

3.  Distinctly  chemical  compound  words  retain  the  accent  and 
pronunciation  of  each  portion. 

4.  Similarly  sounding  endings  for  dissimilar  compounds  are 
avoided  (hence  -Id,  -Ite), 

ACCENT. 

In  polysyllabic  chemical  words  the  accent  is  generally  on  the 
antepenult ;  in  words  where  the  vowel  of  the  penult  is  followed 
by  two  consonants,  and  in  all  words  ending  in  -io  the  accent  is 
on  the  penult. 

PREFIXES. 

All  prefixes  in  strictly  chemical  words  are  regarded  as  parts  of 
compound  words,  and  retain  their  own  pronunciation  unchanged 
(as,  i'ceto-,  i'mldo-,  i'zo-,  hy'dro-,  i'so-,  ni'tro, 
nitro'so-). 

ELEMENTS. 

In  words  ending  in  -ium,  the  vowel  of  the  antepenult  is  short 
if  i  (as  irl'dium),  or  y  (as  didy'mium,  or  if  before  two  con- 
sonants (as  c  i'  1  c  i  u  m) ,  but  long  otherwise  (astita'nium,  sSle'- 
nium,  chro'mium). 

aTuminum  chro'mium  I'odln  ni'trogen 

a'ntimony  co'balt  iridium  6'smium 

a'rsSnic  coltl'mbium  iron  6'xygen 

ba'rium  co'pper  1^'nthanum  palladium 


Fate,  fat,  far,  mete,  mSt,  pine,  p!n,  marine,  note,  n8t,  move, 
tube,  tiib,  riile,  my,  y  ^  1. 

'  Primary  accent ;  "  secondary  accent.  N.  B. — ^The  accent  fol- 
lows the  vowel  of  the  syllable  upon  which  the  stress  falls,  but  does 
not  indicate  the  division  of  the  word  into  syllables. 
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bi'siDuth  (biz)  d!dy'mium 
bo'ron  e'rbium 


bro'min 
c^'dmium 

ca'rbon 

ce'riuin 

ce'sium 

chlo'rin 

sl'licon 

silver 

so'dium 

strft'ntium 
(shium) 


flu'orln 

g^'lliuin 

•germa'nium 

glu'cinum 

gold 

hj'drogen 

indium 

sii'lfur 

tantalum 

tellu'rium 

te'rbium 

thi'llium 


lead 

irthium 

magne'sium 

(zhium) 
ma'nganese 

(eze) 
me'rcury 
moly'bdenum 
nl'ckel 
tho'rium 
tin 

tlta'nium 
tti'ngsten 
ura'nium 


phSs'phorus 

pia'tinum 

potS'ssium 

rho'dium 

rubl'dium 

ruthe'nium 

sama'rium 

sc^'ndium 

sSle'nium 

vSna'dium 

ytte'rbium 

y'ttrium 

zinc 

zirco'nium 


Also:  ^mmd'njum,  phospho'nium,  hi'logen,  cy2l'no- 
gen,   SLml'dogen. 

Note  in  the  above  list  the  spelling  of  the  halogens,  cesium 
and  sulfur;  f  is  used  in  the  place  of  ph  in  all  derivatives  of 
sulfur  (as   sulfuric,   sulfite,    sulfo-,    etc.) 

TERMINATIONS  IN  -Ic. 

The  vowel  of  the  penult  in  polysyllables  is  short  (as  cy^'nic, 
fiima'ric,  arsS'nic,  sill'cic,  i6'dic,  butj^'ric),  except  (i) 
U  when  not  before  two  consonants  (as  mercu'ric,  prii'ssic), 
and  (2)  when  the  penult  ends  in  a  vowel  (as  benzo'ic,  ole'ic)  ; 
in  dissyllables  it  is  long  except  before  two  consonants  (as  bo'ric, 
cl'tric). 

Exceptions:   ace'tic  or  acS'tic. 

The  termination  -le  is  used  for  metals  only  where  there  is  a 
contrast  with  -OUS  (thus  avoid  aluminic,   ammonic,  etc.). 


TERMINATIONS  IN   -OUS. 


The  accent  follows  the  general  rule,  (as  p  1  &'  t  i  n  o  u  s ,  s  tl'  1  f  u 
rous,  phfi'sphorus,   coba'ltous).     Exception:  ace'tous. 


Fate,  fat,  far,  mete,  mgt,  pine,  pin,  marine,  note,  n6t,  move, 
tibe,  tfib,  riile,  my,  y  —  1. 

'  Primary  accent ;  "  secondary  accent.  N.  B. — The  accent  fol- 
lows the  vowel  of  the  syllable  upon  which  the  stress  falls,  but  does 
not  indicate  the  division  of  the  word  into  syllables. 


n  :  ^-^^ 
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TERMINATIONS  IN  -RtO   and  -itO. 

The  accent  follows  the  general  rule  (as  S'cetate,  vS'nadate); 
in  the  following  words  the  accent  is  thrown  back  (as  S'bietate, 
a'lcoholate,   i'cetonate,   a'ntimonite). 

TERMINATIONS  IN  -Id   (FORMERLY  -idO). 

The  final  e  is  dropped  in  every  case  and  the  syllable  pronounced 
ld(aschlo'rld,  i'odld,  hy'drld.  8'xld,  hydrfix'ld,  sfi'l- 
fld,  a'mld.  a'nilld,  miirS'xld). 

TERMINATIONS  IN  -ano,  -One,  -ine  and  -one. 

The  vowel  of  these  syllables  is  invariably  long  (as  mS' thane, 
S'thane,  na'phthalene,  a'nthracene,  pro'pine,  qul'- 
none,   &'cetone,   ke'tone). 

A  few  dissyllables  have  no  distinct  accent  (as  benzene,  xy- 
lene,  cetene). 

The  termination  -Ine  is  used  only  in  the  case  of  doubly  unsatu- 
rated hydrocarbons,  according  to  Hofmann's  grouping. 

TERMINATIONS  IN  -In, 

In  names  of  chemical  elements  and  compounds  of  this  class, 
which  includes  all  those  formerly  ending  in  -Ine  (except  doubly 
unsaturated  hydrocarbons)  the  final  e  is  dropped,  and  the  syllable 
pronounced -In  (as  ch  16' r!n,  bro'mln,  etc.,  ^'m!n,  &'nil!n, 
mo'rphln,  qu!'n!n,  vanl'inn,  allox2l'nt!n,  absi'nthln, 
emii'lsln,   c&'ffe!n,   co'caln). 

TERMINATIONS   IN   -Ol. 

This  termination,  in  the  case  of  specific  chemical  compounds,  is 
used  exclusively  for  alcohols,  and  when  so  used  is  never  followed 
by  a  final  e.  The  last  syllable  is  pronounced  -ol  (as  gly'col, 
phe'nol,   cre'sol,   thy'mol  (ti),   gly'cerol,   qui'nol. 

Exceptions:   SLlcohfil,    a'rgfil. 


Fate,  f&t,  far,  mete,  mSt,  pine,  p!n,  marine,  note,  nfit,'  move, 
tube,  ttlb,  riile,  my,  y=I. 

'  Primary  accent ;  "  secondary  accent.  N.  B. — ^The  accent  fol- 
lows the  vowel  of  the  syllable  upon  which  the  stress  falls,  but  does 
not  indicate  the  division  of  the  word  into  syllables. 
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TERMINATIONS   IN    -OlO. 

This  termination  is  always  pronounced  -ole,  and  its  use  is  lim- 
ited to  compounds,  which  are  not  alcohols  (as  indole). 

TERMINATIONS  IN  -yl. 

No  final  e  is  used  ;  the  syllable  is  pronounced  yl  (as  i'cetyl, 
a'm5rl,   ce'rotyl,   ce'tyl,   g'thyl). 

TERMINATIONS   IN  -ydO. 

The  y  is  long  (as  S'ldehyde). 

TERMINATIONS  IN  -meter. 

The  accent  follows  the  general  rule  (as  hydrS'meter,  baro- 
meter,   1  act  8' meter). 

Exception :  words  of  this  class  used  in  the  metric  system  are 
regarded  as  compound  words,  and  each  portion  retains  its  own  ac- 
cent (as  cSntime"ter,   mi'llime"ter,   k!'lome"ter). 

MISCELLANEOUS  WORDS 

which  do  not  fall  under  the  preceding  rules. 

Note  the  spelling :  albumen,  albuminous,  albuminifer- 
ous,   asbestos,   gramme,  radical. 

Note  the  pronunciation:  a'lkaline,  a'lloy  (n.  &  v.)  a'llo- 
tropy,  a'Uotropism,  Tsomerism,  p6'lymerism,  appara'- 
tus  (sing.  &  plu.)  aqua  regia,  bar>'ta,  cSntigrade,  co'n- 
centrated,  crystalHn  or  crystalline,  electr6'lysis, 
liter,  mfi'lecule,  m818'cular,  n6'mencla"ture,  ole'fi- 
ant,  qua'ntiva"lence,  va'lence,  ii'niva"lent,  bi'va"- 
lent,   triva"lent,   qua'driva"lent,   tl'trate. 


Fate,  fat,  far,  mete,  mgt,  pine,  pKn,  marine,  note,  n8t,  move, 
tiibe,  ttlb,  riile,  mj,  y  =  \. 

'  Primary  accent ;  "  secondary  accent.  N.  B. — The  accent  fol- 
lows the  vowel  of  the  syllable  upon  which  the  stress  falls,  but 
does  not  indicate  the  division  of  the  word  into  syllables. 
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A   I.IST  OF  WORDS  WHOSE  USE  SHOULD   BE  AVOIDED  IN 
FAVOR  OF  THE   ACCOMPANYING  SYNONYMS. 

For  Use 

beryllium  glucinum 

niobium  columbium 

thein  caffein 

titer  (n.)  strength  or  standard 

titer  (v.)  titrate 

monovalent  univalent 

divalent,  etc.  bivalent,  etc. 

qu  an  ti  valence  valence 

sodic,  calcic,  zincic,  nick-  sodium,   calcium,   zinc, 

elic,  etc.,  chlorid,  etc.  nickel,   etc.,   chlorid,  etc, 

vid.  terminations  in  -ic  supra, 

arsenetted   hydrogen  arsin 

antimonetted   hydrogen  stibin 

phosphoretted  hydrogen  phosphin 

sulfuretted  hydrogen,  etc.  hydrogen  sulfid,  etc. 

alkylogens  alkylhaloids 

benzol  benzene 

toluol,  etc.  toluene,  etc. 

pyrocatechin  catechol 

resorcin  resorcinol 
*hydroquinone   (and  hy- 

drochinon  quinol 

orcin  orcinol 

hydrophlorone  phlorol 

phloroglucin  phloroglucol 

quercite  quercitol 

pinite  pinitol 

glycerin  glycerol 
erythrite,   erythroglucin, 

eryglucin,  erythroman-  erythrol 

nite,   phycite. 


Fate,  fit,  far,  mete,  mgt,  pine,  p!n,  marine,  note,  nSt,  move, 
tube,  tiib,  riile,  my,  y  =  I. 

'  Primary  accent ;  "  secondary  accent,  N.  B.-7-The  accent  fol- 
lows the  vowel  of  the  syllable  upon  which  the  stress  falls,  but  does 
not  indicate  the  division  of  the  word  into  syllables. 

^Regrardingr  this  and  the  followingr  words,  cf.  J.  Chem.  Soc  XLI,  p.  248. 
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mannite  mannitol 

dulcite  dulcitol 

sorbite  sorbitol 

furfurol  furfuraldehyde 

fucusol  fucusaldebyde 

anisol  methyl  phenate 

phenetol  ethyl  phenate 

anethol  methyl  allyl-phenol 

Note. — It  has  been  suggested  that  the  words  qualitative 
and  quantitative  could  be  advantageously  replaced  by  quali- 
tive  and  quantitive,  deriving  the  terms  from  the  Latin  adjec- 
tives instead  of  the  nouns,  as  has  been  done  in  the  case  of  rotary 
instead  of  rotatory,  agriculturist  instead  of  agricultural- 
ist, etc.  The  Section  regards  this  change  as  eminently  desirable, 
but  on  account  of  the  extended  use  of  the  words  outside  of  chem- 
istry, delays  action  until  the  opinions  of  those  in  allied  branches 
have  been  obtained. 


Fate,  fat,  Tar,  mete,  mSt,  pine,  p!n,  marine,  note,  nfit,  move, 
tube,  tflb,  riile,  my,  y  =  1. 

'  Primary  accent ;  "  secondary  accent.  N.  B. — ^The  accent  fol- 
lows the  vowel  of  the  syllable  upon  which  the  stress  falls,  but 
does  not  indicate  the  division  of  the  word  into  syllables. 
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[Contributions  from  the  Chbmicai,  Laboratory  of  the 

University  of  Cincinnati.] 

XLIII.    EXAMINATION  OF  THE  I.LOYD  METHOD  FOR 

THE  ASSAY  OF  ALKALOIDS* 

By  Hbrbbrt  T.  Nichols  and  Thos.  H.  Norton. 

In  February,  1891,  Prof.  J.  U.  Lloyd  read  before  the  Cincinnati 
Section  of  the  American  Chemical  Society  a  paper  on  the  analysis 
of  alkaloids,  which  was  presented  later  before  the  American  Phar- 
maceutical Association  at  its  annual  meeting,  published  in  pam- 
phlet form,t  and  printed  more  or  less  fully  in  several  home  and 
foreign  journals.  The  method  proposed,  on  account  of  its  claims 
to  rapidity  and  reasonable  accuracy,  evoked  much  criticism  both 
friendly  and  adverse.  The  possession  of  a  reliable  method  plac- 
ing in  the  hands  of  the  chemist  the  means  of  analyzing  easily  and 
quickly  the  majority  of  the  members  of  the  group  of  the  alkaloids, 
is  of  such  prime  importance,  that  we  undertook  the  following 
study  of  the  process  with  the  view  of  ascertaining  as  definitely  as 
possible  the  limits  of  accuracy  in  the  case  of  the  leading  alkaloids, 
under  varying  conditions. 

The  method  proposed  by  Prof.  Lloyd,  and  employed  in  all  our 
experiments,  is,  briefly  stated,  as  follows  : 

5  cc.  of  an  alkaloidal  solution  are  poured  into  a  mortar,  and  a 
sufficient  amount  of  a  mixture  of  equal  parts  of  ferric  hydrate  and 
sodium  bicarbonate  added  to  form  a  stiff  paste.  This  magma  is 
then  triturated  with  20  cc.  of  chloroform.  Should  so  much  alcohol 
be  abstracted  that  the  magma  becomes  pulverulent,  a  small  amount 
of  water  or  of  a  solution  of  glucose  is  added  and  triturated  until  a 
stiff  paste  i§  again  formed,  from  which  the  chloform  separates 
clearly  with  no  trace  of  turbidity. 

The  chloroform  extract  is  decanted  into  a  small  porcelain  dish 
and  evaporated. 

The  magma  is  then  washed  three  times  by  trituration  with 
chloroform.  10  cc.  of  chloroform  are  used  each  time  and  the  wash- 
ings are  decanted  as  before  and  evaporated  in  the  same  dish. 

The  residue  in  the  dish  is  covered  with  a  2  per  cent,  solution  of 
sulfuric  acid,  digested  for  a  few  minutes  on  the  water  bath  and 
filtered.  The  same  diluted  acid  is  used  to  wash  the  residue  on 
the  filter  paper. 

*Read  before  the  Cincinnati  Section  of  the  American  Chemical  Society,  Jan.  aS,  1893. 

fCopies  of  a  revised  edition  of  this  pamphlet  are  gladly  furnished  to  those  interested 
in  the  matter,  by  application  to  the  author,  Prof.  J.  U.  Lloyd,  Court  St.,  Cincinnati. 


THE  ASSAY  OF  ALKAU)IDS.  1 63 

The  clear  solution  of  the  sulfate  of  the  alkaloid,  thus  obtained, 
is  rendered  slightly  alkaline  by  ammonia,  and  rotated  in  a  separa- 
ting funnel  with  10  cc.  of  chloroform  for  about  two  minutes. 
This  operation  is  repeated  four  times,  the  chloroform  being  drawn 
off  each  time. 

The  solution  of  the  alkaloid  in  chloroform  is  then  evaporated  to 
dryness  in  a  small  platinum  dish  or  on  a  watch-glass  over  the 
water-bath.  While  still  on  the  water-bath  the  residue  is  stirred 
with  the  sharp  point  of  a  knife,  to  ensure  the  total  removal  of  the 
chloroform. 

After  cooling  in  the  desiccator,  the  dish  or  watch-glass  is 
weighed  with  its  residue  of  pure  alkaloid. 

The  chief  advantage  and  essential  peculiarity  claimed  for  the 
process  just  described  is  the  total  avoidance  of  any  emulsion  in 
the  chloroform  extract  from  the  magma  obtained  by  the  treatment 
with  ferric  hydrate  and  sodium  bicarbonate  at  the  outset.  The 
remaining  steps  in  the  process  are  practically  identical  with  those 
hitherto  used  in  similar  analytical  determinations. 

In  the  study  of  the  method  in  question,  we  have  extended  our 
experiments  over  the, following  subjects,  viz: 

1.  Purity  of  the  chloroform  and  other  reagents  used. 

2.  Insolubility  of  ammonium  sulfate  in  chloroform. 

3.  Completeness  of  the  extraction  of  the  alkaloids  from  the 
mag^ma. 

4.  Completeness  of  the  extraction  of  alkaloids  from  alkaline  so- 
lution by  rotary  agitation  with  chloroform. 

5.  Complete  assays  of  pure  alkaloids  and  of  their  fluid  extracts. 

6.  Increase  in  weight  of  certain  alkaloids  after  solution  in  chlo- 
roform and  subsequent  evaporation. 

7.  Substitution  of  aluminum  and  chromium  hydrates  for  ferric 
hj'drate. 

8.  Limits  of  precaution  to  be  observed  in  weighing. 

9.  Amounts  of  moisture  present  in  pure  commercial  alkaloids. 

A.  Experimental  Part  by  H.  T.  Nichols. 

I.  PURITY  OF  THE  REAGENTS  USED. 

Chloroform, — ^The  purity  of  the  chloroform  used  should  be  tested 
by  evaporating  about  10  cc.  on  the  water-bath.  If  pure  enough 
for  the  purpose  in  view,  it  should  leave  absolutely  no  residue. 
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This  precautionary  test  is  especially  necessary  in  the  case  of  chlo- 
roform which  is  not  of  recent  manufacture.  Where  many  deter- 
minations of  this  nature  are  made,  a  large  proportion  of  the  chloro- 
form can  be  saved  by  evaporation  beneath  an  inverted  funnel  lead- 
ing to  a  condenser  through  which  a  current  of  air  is  drawn.  If 
rubber  connections  are  used,  redistillation  is  of  cburse,  necessary. 

Ferric  hydrate  and  sodium  bicarbonate, — ^These  should  be  pure, 
or  at  least  free  from  all  substances  capable  of  being  dissolved  by 
chloroform. 

The  reagents  used  in  the  following  analyses  were  triturated  with 
chloroform,  and  the  decanted  liquor  left  no  residue. 

II.    INSOLUBIUTY   OF   AMMONIUM   SULFATE   IN  CHLOROFORM. 

As  no  statements  with  regard  to  the  solvent  powers  of  chloro- 
form on  ammonium  sulfate  are  on  record,  it  seemed  desirable  to 
decide  the  question  by  actual  experiment. 

Several  grauis  of  ammonium  sulfite  were  triturated  with  20  cc. 
of  chloroform,  and  filtered.  The  filtrate  evaporated  to  dryness  on 
the  water-bath  left  no  weighable  residue.  This  experiment  was 
repeated  five  times  with  the  same  result. 

10  cc.  of  a  2  per  cent,  solution  of  sulfuric  acid  were  made  alkaline 
by  ammonia  and  agitated  with  20  cc.  of  chloroform,  in  a  separat- 
ing funnel.  The  chloroform  was  then  drawn  off  and  evaporated 
to  dryness  on  the  water-bath.  This  was  repeated  five  times,  like- 
wise without  obtaining  any  residue. 

Insolubility  of  ammonium  acetate  in  chloroform, — In  this  connec- 
tion a  few  experiments  were  made  to  ascertain  whether  ammonium 
acetate  is  soluble  in  chloroform. 

10  cc.  of  acetic  acid  were  made  alkaline  by  ammonia  and  agitated 
in  a  separating  funnel*  with  20  cc.  of  chloroform. 

The  chloroform  was  then  drawn  off  and  evaporated  to  dryness 
over  the  water-bath  on  a  watch-glass.  This  operation  was  repeated 
five  times,  and  gave  in  no  instance  a  residue.  The  experiment 
was  altered,  by  allowing  a  few  drops  of  the  solution  of  ammonium 
acetate  to  run  through  with  the  chloroform.  This  when  evapo- 
rated to  dryness  yielded  no  residue.  The  operation  was  repeated 
five  times  with  like  results. 

The  observation  has  already  been  made  that  ammonium  acetate 
is  decomposed  at  100°  C. 
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This  observation  was  confirmed  by  three  experiments  in  which 
solutions  of  ammonium  acetate  were  evaporated  to  dryness,  and 
left  no  residue. 

m.    COMPLETENESS  OP  THE  EXTRACTION  OF  ALKALOIDS 
PROM    THE  MAGMA   BY  CHLOROFORM. 

Three  series  of  tests  were  made  to  ascertain  whether  any  appre- 
ciable amount  of  alkaloid  remained  in  the  magma  after  four  extrac- 
tions with  chloroform. 

Several  magmas  containing  nux  vomica  were  extracted  in  the 
usual  manner. 

In  no  case  was  the  intensely  bitter  taste  peculiar  to  this  alka- 
loid perceptible  after  the  third  washing  with  chloroform. 

A  weighed  amount  of  cinchonin,  one  part  of  which  is  soluble 
in  over  three  hundred  parts  of  chloroform,  was  treated  as  before. 

The  residue  obtained  from  the  chloroform  extract  was  alinost 
equal  to  the  amount  used,  showing  that  even  in  the  case  of  this 
difficultly  soluble  alkaloid,  scarcely  any  portion  was  retained  by 
the  magma. 

A  further  test  of  the  delicacy  of  the  process  was  shown  by  the 
following  experiment : 

o.ooooi  gm.  of  a  mixture  of  brucin  and  strychnin  was  put  through 
the  assay  and  the  residue  on  the  watch-glass,  though  not  visible, 
still  yielded  the  bitter  taste  of  the  alkaloids. 

IV.  COMPLETENESS  OP  THE  EXTRACTION  OF  ALKALOIDS  FROM 
ALKALINE  SOLUTIONS  BY  ROTARY  AGITATION 

WITH  CHLOROFORM. 

Experiments  were  made  to  find  the  number  of  rotations  neces- 
sary for  the  complete  extraction  of  an  alkaloid  when  the  solution 
of  the  alkaloid  and  ammonium  sulfate  is  rotated  with  chloroform. 
I  gm.  of  an  alkaloid  was  dissolved  in  acidulated  water,  and  the 
solution  was  made  up  to  100  cc.  or  a  i  per  cent,  solution.  10  cc. 
of  this  solution  were  used  each  time,  containing  in  each  case, 
therefore,  o.i  gm. 

Each  portion  was  rendered  slightly  alkaline  by  the  addition  of 
ammonia,  put  into  a  separating  funnel,  and  rotated  with  chloro- 
form. The  dried  residue  obtained  from  the  chloroform  drawn  off 
after  each  period  of  rotation  was  weighed  separately. 

The  rotations  were  made  with  the  circling  motion  suggested  in 
his  article  by  Prof  Lloyd,  and  precautions  were  observed  to  pre- 


i«  ' ' 


X- 


f 


1 66 


THE   ASSAY   OF   ALKALOIDS. 


V 


'■\"- 


*?> 


'•f .' 


*1 

•  f 


vent  the  liquids  from  being  shaken  together.     The  average  time 
of  each  period  of  rotation  was  about  two  minutes. 

Caff  tin, — Amount  used,  .i  gm. 

Amttunt  Recovered  after  each  Successive  Extraction . 

Second 
Rotation. 

0048  gm. 

0120 


First 
Rotation. 

A 0886  gm. 

B 0826 

C 0708 

D 0846 

E 0832 


it 


Average,   .0820 


(( 


0222 
0092 
0x398 


0096 


ti 


<< 


i( 


it 


<( 


Third 

Fourth 

Total  Amount 

Rotation. 

Rotation. 

Recovered. 

.0016  gm. 

.0000  gm. 

.0950  gm. 

.0032      *' 

.0006     " 

.0944    *• 

.0048     " 

.0006     '* 

.0984    " 

.0020     " 

.0000     " 

.0958    •' 

.0024     " 

.0006     *• 

.0960    •' 

.0028 


ct 


.0004 


(* 


0959 


li 


The  greatest  loss  occurred  in  B,  .0056  gm.     The  least  loss  was 
in  C,  .0016  gm.     The  average  loss  was  .0140  gm.,  or  4  per  cent. 

Brucin. — Amount  used»  .1  gm. 

Amount  Recovered  after  each  Successive  Rotation. 

Third 
Rotation. 

.0008  gm. 

.0000 
.0004 
.0000 


First 
Rotation. 


Second 
Rotation. 


Total  Amount 
Recovered. 


(i 


<« 


A iiyogm. 

B    .    .    .  .1104 

C 1026 

D 1038    *' 

E 1004 


.cx)84  gm. 
.0040 
.0042 
.0036 


n 


it 


<( 


(i 
<( 


ct 


Average,   .  1068 


<{ 


.0036 
.0048 


ti 


ii 


.0000 


.0002 


ii 


ti 


.1262  gm. 

.1152 
.1072 
.1068 
.1040 


it 


tf 


it 


it 


.IT20 


ti 


Average  total  gain,  12  per  cent. 
The  variations  in  total  gain  ranged  from  4  to  26.2  per  cenL 

It  will  be  noticed  that  the  total  amount  has  increased  over  the 
original  amount  12  per  cent,  on  an  average.  As  will  be  seen 
later  in  the  section  on  the  increase  in  weight  of  certain  alkaloids 
after  treatment  with  chloroform,  this  result  was  to  be  expected. 

Strychnin. — Amount  used,  .1  gm. 

Amount  Recovered  after  each  Successive  Rotation. 


First 
Rotation. 

A 0810  gm. 

B 0948 

C 0898 

D 0840 

E 0906 


ti 


it 


ft 


.0880 


Second 
Rotation. 

.0032  gm. 

.0026     " 

.0016 

.0024 

.0028 

.0025 


tt 


it 


1 1 


n 


Third 
Rotation. 

.0000  gm. 

.0000  " 
.0000 
.0000 
.0002 

.0000 


Total  Amount 
Recovered. 


Ii 


tt 


it 


if 


.0842  gm. 

.0974 
.0914 
.0864 
•0936 


ii 


it 


ti 


•t 


.0906 


Average 

Average  total  loss,  9.4  per  cent. 
The  variations  in  the  total  loss  ranged  from  2.6  to  15.8  per  cent 
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Atrofnn. — Amount  used,  .1  gm. 


Amount  Recovered  after  each  Successive  Rotation. 


A 
B 

C 
D 
E 


FiT«t 
Rotation. 

.0926  gm. 

.0786 

.0928 

.0916 

.0890 


t4 
It 
C< 


Second 
Rotation. 

.0032  gm. 
.0116     •* 
.0024     " 
.0030     " 
.0062     '* 


Third 
Rotation. 

.0000  gm. 
.0032  ** 
.0000 
.cooo 
.0010 

.0008 


{( 
<l 

(I 


Total  Amount 
Recovered. 

.0958  gm. 

•0934 
.0952 
.0946 
.0952 


It 

II 
II 
It 


.0948 


Average,        .0889    "  .0053    ** 

Average  total  loss,  5.2  per  cent. 
The  variations  in  total  loss  ranged  from  4.2  to  6.6  per  cent. 

Aamitin, — Amount  used,  .1  gra. 

Amount  Recovered  after  each  Successive  Rotation. 


First 
Rotation. 

A 0960  gm. 

B 1066 

C 0998 

D 0926 

E 0923 


11 


ti 


II 


II 


Second 
Rotation. 

0040  gm. 
It 


Average,        .0977 


11 


.0042 
.0036 
.0036 
.0030 

.0037 


(I 

II 
11 

11 


Third 
Rotation. 

.0006  g^. 

.0002 

.0004 

.0002 

.CXXX) 


.0003 


K 


Total  Amount 
Recovered. 


1006  gm. 

mo 

1038 

0964 

0966 


1017 


Average  total  gain,  1.7  per  cent. 


The  variations  in  the  total  loss  or  gain  ranged  from  3.6  per  cent,  loss  to 

II  per  cent.  gain.    The  latter  high  figure,  obtained  in  but  instance, 

is  to  be  considered  as  probably  due  to  error. 

Quinin, — ^Amount  used,  .1  gm. 

Amount  Rearuered  after  each  Successive  Rotation. 


First 
Rotation. 

A 0996  gm. 

B 0974 

C 0990 

D 0966 

E 0954 


Second 
Rotation. 


Average,        .0976 


.0052  gm. 

.0022 

.0026 

.0040 

.0020 


II 
II 
II 
II 


.0032 


II 


Third 
Rotation. 

.0000  gm. 
.0002  •* 
.0002 
.0006 
.0000 

.0002 


II 

li 
It 

II 


Total  Amount 
Recovered. 

.I048gm. 

.0998 

.1018 

.1012 

.0974 


(I 
II 
II 
It 


.1010 


II 


Average  total  gain,  1.2  per  cent. 

The  variations  in  the  total  loss  or  gain  ranged  from  2.6  per 

cent,  loss  to  4.8  per  cent.  gain. 


\: 
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Cinchonin, — Amount  used,  .i  gm. 

Amount  Recovered  after  each  Successive  Rotation. 


First 
Rotation. 

A 0796  gm. 

B 0862 

C 0836 

D 0762 

E  .    .    .  .0802 


.0812 


Second 
Rotation. 

.0156  gm. 

.0070 
.0036 
.0112 
.0114 


t< 


(( 


C( 


(( 


Third 
Rotation. 

.0003  gm 
.0004  '* 
.0006 
.0006 
.0004 


i< 


<( 


<( 


Total  Amount 
Recovered. 

.0955  gm. 

.0936  " 

.0878 
.0880 

.0920 


If 


(< 


it 


.0102 


.ocx>5 


.0919 


Average 

Average  total  loss  8.  i  per  cent. 
The  variations  in  the  total  loss  ranged  from  4.5  to  12.2  per  cent 

Cinconin  is  soluble  with  diflBculty  in  chloroform,  and  there- 
fore the  amount  of  alkaloid  obtained  in  the  first  rotation  is  less 
than  in  the  case  of  other  alkaloids. 

Cmchonidin, — Amount  used,  .1  gm. 


Amount  Recovered  after  each  Successive  Rotation. 


First 
Rotation. 

A 0950  gm. 

B 0924     " 

C 0924 

D  .    .    .    .      .0926 

E 0890 


It 


<i 


tt 


Second 
Rotation. 

.0036  gm. 

.0026 
.0024 
.0010 
.0012 


It 


t< 


(( 


t( 


Average         .0923 


t< 


.0022 


t( 


Third 
Rotation. 

.0004  gm. 

.0004  •* 
.0006 
.0000 
.0000 

.0003 


K 


(t 


tt 


1 1 


Total  Amonut 
Recovered. 


0990  gm 

0954  *' 
0954 
0936 
0902 


<( 


If 


tt 


0948 


II 


Average  total  loss,  5.2  per  cent. 
The  variations  in  the  total  loss  ranged  from  i  to  9.8  per  cent. 

SUMMARY. 

The  highest  average  gain  was  in  the  case  of  brucin,  amounting 
to  1 2  per  cent. ;  and  the  lowest  average  gain  was  in  the  case  of 
quinin,  amounting  to  1.2  per  cent.  The  lowest  average  loss  was 
in  the  case  of  cafFein,  amounting  to  4  per  cent.,  and  the  highest 
average  loss  was  in  the  case  of  strychnin,  amounting  to  9.4  per 
cent.  A  fourth  agitation  yielded  in  but  few  instances  a  weighable 
amount. 

V.    COMPLETE   ASSAYS   OF   FLUID   EXTRACTS,  OF  THEIR   PURE 
ALKALOIDS   AND   OF   MIXTURES   OF   BOTH. 

As  the  method  in  question  is  of  special  applicability  to  tlie 
analysis  of  fluid  extracts,  a  study  was  made  of  the  degree  of  uni- 
formity attainable  in  this  field. 
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Fluid  extracts  are  alcoholic  or  hydro-alcoholic  solutions  of  the 
soluble  constituents  of  vegetable  products,  those  of  alkaloidal 
drugs  containing  the  alkaloids  in  natural  combination. 

To  test  the  method  most  thoroughly,  parallel  determinations 
were  made,  first  of  a  fluid  extract,  next  of  the  same  fluid  extract 
with  a  known  amount  of  its  proper  alkaloid  added,  and  thirdly 
of  a  standard  solution  of  the  alkaloid  dissolved  in  alcohol  and 
water. 

In  this  manner  the  fluid  extracts  and  alkaloids  of  nux  vomica, 
belladonna,  guarana,  ipecac,  aconite  root,  and  henbane  were  as- 
sayed.   The  fluid  extracts  used  were  those  obtained  in  commerce. 

Nux  Vomica, — Five  samples  of  the  same  fluid  extract  were 
analyzed : 


• 

Btrcentages  Obtained. 

L 

II. 

III.                     IV. 

V. 

Avera^. 

^•39^ 

1.50^ 

1.45%               1.46% 

1-39% 

1.44% 

.125  gm.  of  strychnin  and  .125  g^.  of  brucin  were  added  to  50 
cc.  of  the  fluid  extract,  and  5  cc.  were  used  in  each  assay.  The 
results  were  as  follows : 

Percentages  Obtained. 
I.  n.  III.  IV.  V.  Average.       Theory. 

2.03%  1.98^         1-95%         2.00^         2.00^         1-99^         1-94^ 

The  increase  in  amount  is  due  to  the  property  shown  by  brucin 
of  increasing  in  weight  after  treatment  with  chloroform.  See 
paragraph  vi. 

•75  g™-  of  the  mixture  of  pure  brucin  and  strychnin  was  dis- 
solved in  50  cc.  of  alcohol  and  water,  making  a  1.5  per  cent, 
solution. 

The  results  of  the  analysis  were  as  follows  : 

Bercentages  Obtained. 

I.  II.  III.  IV.  V.  Average.    Amount  Used. 

1.60%  1.51%  1.48%  1.47^  1.52^  1.52%  1.50% 

Average  increase,  .02  per  cent.,  or  1.3  per  cent  of  the  alkaloid  used. 

BeUadanna, — ^The  fluid  extract  of  belladonna  was  assayed  with 
the  following  results,  all  from  the  same  sample  : 

Percentages  Obtained. 
1.  II.  HI.  IV.  V.  Average. 

0.50%  0.55%  0.54%  0.52%  0.50^  0.52^ 

The  greatest  variation  from  the  average  was  .03  per  cent. , 
or  6  per  cent,  of  the  weight  of  the  alkaloid. 


'••vf 


/ 


>  ■ 
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To  100  cc.  of  the  same  sample  of  fluid  extract,  i  gm.  of  pure 
atropin  was  added,  and  the  following  results  were  obtained  : 

Ptrcentagfs  Obtained. 
I.  II.  III.  IV.  V.  ATcra«:e.       Theory. 

1.49%         1.46%         1.46%         1.49%         1*52%         1.48%         1.52^ 

In  analyzing  the  pure  alkaloid,  it  was  found  that  a  solution  of 
atropin  in  alcohol  and  water  deteriorated  so  rapidly  that  the  same 
solution  could  not  be  used  for  comparative  assays.  The  atropin 
was  therefore  weighed  directly  each  time.  The  results  were  as 
follows : 


I. 

1.12% 

I. 
1.04% 


Per  Cent,  of  Alropin  Used. 

II.  III.  IV. 

1.20^  1.49^  1.39^ 

Per  Cent,  of  Atropin  Obtained. 

II.  III.  IV. 

1.15%  1.46%  1.36% 


V. 
0.88^ 

* 

V. 

0.88% 


Guarana, — ^The  fluid  extract  of  guarana  can  be  analyzed  by  di- 
rect determination  from  the  chloroform  extract  obtained  from  the 
magma.     The  results  were  as  follows  : 


I. 

II. 

III. 

IV. 

V. 

Average 

3.84% 

3.86% 

3.84% 

3-71% 

3.78% 

3-8i?6 

"• 

!'!: 


I  gm.  of  cafiein  was  dissolved  in  50  cc.  of  the  fluid  extract  of 
guarana,  and  the  strengthened  extract  was  assayed  with  the 
following  results : 

I.  II.  III.  IV.  V.  Average.        Theory. 

5.68%  5.66%  5.56%  5.52%  5.40%  5.56%  5.81% 

The  average  loss  is  4  per  cent  of  the  alkaloid. 

4  gms.  of  cafiein  were  dissolved  in  100  cc.  of  alcohol  and  water, 
forming  a  4  per  cent,  solution,  which  was  analyzed  as  follows  : 

I.  II.  III.  IV.  V.  Average.        Theory. 

3.82%  3.76%  3.80%  3.83%  3.86%  3.81%  4.00^ 

Average  loss,  .19  per  cent,  or  4.7  per  cent  of  the  alkaloid  used 
Ipecac, — A  fluid  extract  of  ipecac  gave  the  following  results  : 

I.  II.  III.  IV.  V.  Averasre. 

1.42^  1.37^  1.52%  1-47%  1.52^  1.46% 

In  this  case  the  greatest  departure  from  the  average  was  7  per  cent. 

of  the  weight  of  alkaloid  present 

The  alkaloid  emetin  is  of  such  a  delicate  and  unstable  nature 
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that  it  was  considered  useless  to  carry  out  the  check  experiments 
employed  in  the  cases  of  the  preceding  alkaloids. 

Aconite  Root, — ^The  assays  of  the  fluid  extract  of  aconite  root 
gave  the  following  results : 

I.  II.  III.  IV.  V.  Average. 

0.41%  0.42^  0.41;^  0.44%  0.42%  0.42% 

In  these  analyses  the  greatest  variation  is  5  per  cent,  of  the 

alkaloid  present 

It  was  not  deemed  expedient  to  make  experiments  with  alka- 
loidal  addition  to  the  fluid  extract  of  aconite  root  or  of  hyoscy- 
amus,  on  account  of  the  instability  of  aconitin  and  hyoscyamin. 

Hyoscyamus. — ^The  fluid  extract  of  hyoscyamus  was  assayed  as 
follows : 


I. 

II. 

III. 

IV. 

V. 

Average 

0.10% 

0.10% 

0.09% 

0.09^ 

O.IO^ 

0.10% 

VI.    INCREASE   IN  WEIGHT  OF  CERTAIN   ALKALOIDS   AFTER 
SOLUTION   IN    CHLOROFORM   AND   SUBSEQUENT 

EVAPORATION. 

An  interesting  and  important  fact  noticed  in  connection  with 
this  w^ork  was  the  alteration  in  weight  of  some  alkaloids  after  so- 
lution in  chloroform,  and  subsequent  evaporation.  This  altera- 
tion, usually  a  gain  in  weight,  was  most  noticeable  in  the  case  of 
bnicin. 

The  real  nature  of  this  change  was  not  ascertained.  As,  how- 
ever, it  has  a  marked  bearing  on  the  value  of  the  process  in  ques- 
tion, a  series  of  experiments  as  to  the  extent  of  this  variation  was 
carried  out  in  the  following  manner. 

A  weighed  amount  of  an  alkaloid  varying  from  o.i  to  o.oi  gm. 
was  dissolved  in  chloroform,  the  solution  placed  upon  a  tared 
watch-glass,  and  then  evaporated  on  the  water-bath  to  dryness. 
In  the  case  of  those  alkaloids  which  were  left  in  a  gummy  condi- 
tion, the  residues  were  stirred  with  the  point  of  a  pen-knife. 

The  glass  was  then  cooled  in  a  desiccator,  over  calcium  chlorid, 
for  about  ten  minutes,  and  quickly  weighed. 

Caffein. — CaSein,  unlike  most  alkaloids,  leaves  a  crystalline 
residue.  The  variations  noted  were  inconsiderable,  except  where 
small  amounts  were  used. 


K      . 
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The  figures  obtained  were  as  follows : 

Percentages  o/Loss  or  Gain. 
I.  II.  III.  IV. 

O.    %         O.    %         O,   %     —0.8% 
-1.9        — 2.9  O.  — 0.9 

—3.0 


Amount  of 
Caffein  Uaed. 

O.I    gm.  . 
0.05     *• 
O.OI     " 


o. 


o. 


o. 


V. 

Averafe 

—0.6% 

—0.3% 

—2.1 

—1.5 

II. 

-hi.6 

Brucin. — ^The  results  obtained  were  as  follows : 


Amount  of 
Brucin  Used. 

O.I  gm.  . 
0.05  •*  . 
O.OI     •' 


Percentages  of  Gain  in  Weight. 
I.  II.  III.  IV. 

6.6%        9.3%        9.8%        9.4% 
8.3  6.6  6.3  9.8 

6.3  3.2  4.4  lO.O 


V. 

Average. 

8.9% 

8.9?^ 

II.O 

8.4 

4.9 

5.5 

Average,  7.6% 

It  will  be  noticed  that  the  range  of  variation  increases  as  the 
amount  of  the  alkaloid  used  in  the  evaporation  decreases. 


Strychnin, — ^The  results  obtained  were  as  follows  : 

Percentages  of  Loss  or  Gain. 

I.  II.  III.  IV. 

.       0.9%      —6.5%      —4.7'*      —1.3% 
0.0        — 1.6  0.0        — 0.7 


Amount  of 
strychnin  Used 


O.I    g^. 
0.05     •* 


V. 

Average. 

2.7?^ 

—1.8% 

1.3 

0.4 

Average,  — 0.7% 


Aconitin. — ^The  results  obtained  were  as  follows : 

Percentages  of  Gain. 


Amount  of 
Aconitin  Used. 

I. 

II. 

III. 

IV. 

V. 

Average. 

O.I    gm.  .    .    . 

6.7% 

5.8% 

4.1% 

5-o% 

5.9% 

5.5% 

0.05     "      .    .    . 

1.7 

8.0 

2.0 

1.3 

2.4 

3.1 

O.OI      "       .     .     . 

0.0 

2.0 

2.6 

1.9 

3.0 

1-7 

Average,  3.1%; 
A  tropin. — ^The  results  obtained  were  as  follows  : 

Percentages  of  Gain. 


Amount  of 
Atropin  Used. 

I. 

II. 

III. 

• 

IV. 

V. 

Average. 

O.I    gm.  .    . 

•           0.3% 

0.2% 

0.2% 

0.4% 

2.2% 

0.6% 

0.05     ••     .    . 

0.7 

0.0 

1.5 

I.O 

1.8 

1.0 

O.OI     «'      .     . 

0.0 

4.0 

♦13.0 

0.0 

0.0 
Average 

2.4 

.^•-a        •     «                <  ■ 

e.  1-3% 

•Evidently  an  error 


::  d 
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Qumn.—Thc  results  obtained  were  as  follows  : 

Percentages  of  Loss  or  Gain. 
Amoant  of 
QuiflinCsed.  I.  H.  III.  IV.  V.  Avera«re. 


0.1   gm.  .   .    .       0.4%     —0.2%  1.1%         3.4%         1.3%  1.2% 

ao5   *'    .  .   .  —0.7  0.0  7.1  0.0  1.5  1.6 

0.01   "...      0.0  0.0  1.9  0.0  3.3  i.o 


Average,  1.3% 

The  average  gain  is  comparatively  slight,  although  the  varia- 
tions range  from  — 0.7  per  cent,  to  +7.1  per  cent 

•, 

Cinchonin. — ^The  results  obtained  were  as  follows : 

I^centages  of  Loss  or  Gain. 


Amount  of 
Cinchonin  Used. 

I. 

n. 

III. 

IV. 

V. 

Average. 

0.1    gm.  .    .    . 

0.0% 

0.0% 

-0.5% 

0.0% 

0.0% 

—0.1% 

0.05    "     .    .    . 

0.7 

1.9 

'•7  , 

0.0 

1.9 

1.2 

0.01    "     .    .    . 

0.0 

0.0 

0.0 

0.0 

— 2.0 

— 0.4 

Average,  o.  i  % 
Cinchanidin. — The  results  obtained  were  as  follows  : 

Percentages  of  Gain. 


Amount  of 
Cinchonidin  Used. 

I. 

II. 

III. 

IV. 

V. 

Averafife. 

o.r  gm.  .   .    . 

0.0% 

0.4% 

0.4% 

0.0% 

0.2% 

0.2% 

0.05  "... 

0.0 

0.4 

0.4 

I.I 

1-9 

0.7 

O.OI     "... 

7.9 

2.2 

0.0 

0.0 

5.7 

Averag 

3.1 

B,  1.3% 

VII.    SUBSTITUTION   OF  ALUMINUM   OR   CHROMIUM 
HYDRATES   FOR   FERRIC  HYDRATE. 

Experiments  were  made  with  both  of  these  substances  to  test 
their  availability  as  reagents  in  this  process,  and  it  was  found  that 
if  for  any  reason  it  is  desirable  to  avoid  the  presence  of  iron,  either 
aluminum  or  chromium  hydrate  can  easily  be  used  as  a  substitute, 
both  making  a  good  magma  and  rendering  the  tannate  insoluble. 
Neither  of  these  substances  offers  any  especial  advantage,  however, 
over  the  ferric  hydrate,  which  is  also  preferable  on  account  of  its 
cheapness. 

VIII.     LIMITS   OF  NECESSARY   PRECAUTION 

IN  WEIGHING. 

In  order  to  note  the  difference  in  weight  between  cooling  in  a 
desiccator  and  in  the  open  air,  several  fluid  extracts  were  assayed; 
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the  residues  obtained  at  ioo°  on  a  tared  watch-glass,  were  cooled 
in  a  desiccator,  and  weighed.  They  were  then  reheated  and  coold 
,  for  twenty  minates  in  the  open  air,  and  again  weighed.  Again 
the  same  residues  were  heated  and  cooled  for  one  hour  in  the  aii 
and  weighed.  The  results  were  as  follows  : 
Nux  vomica,  cooled  in  the  desiccator  . 
ithea 


388 

P« 

cent. 

.w 

396 

168 

SM 

573 

3»o 

"  "  I  hour  in  the  air  . 

Belladonna,  "  in  the  desiccator  . 

(    "  "20  minutes  in  the  a 

"  "  1  hour  in  the  air  . 

Aconite  root,  "  in  the  desiccator  . 

"  "  Kiminutes  in  tbeai 

"  "  I  how  in  the  air  . 

The  alkaloids  of  ipecac  and  henbane  seemed  to  be  more  or  less 
decomposed  by  reheating. 

IX.    MOISTURE  IN  VARIOUS  COHUERCIAI.  ALKALOIDS. 

The  pure  alkaloids  used  in  the  preceding  experiments  bore  the 
labels  of  reputable  manufacturers,  and  were  found  to  contain  vari- 
able amounts  of  moisture,  which  were  either  removed  or  deducted 
in  the  calculation. 

These  amounts  were  as  follows : 

Moislurt  Prtteni. 

Atropin  .   . 0.11  percent 

Strychnin 1.19  '■ 

Bnidn 9.32  "' 

Cafiiein 0.05 

Quinin 2.0a  " 

Cinchonin 0.94  " 

Cincbonidin 0.20  " 

B.  SuMMASY  OF  Results  by  T.  H.  Norton. 
The  importance  of  possessing  a  reliable  method  for  the  rapid 
determination  of  alkaloids  in  solution  is  such  that  I  have  followed 
with  great  interest  the  work  detailed  in  the  preceding  pages.  Th< 
data  there  recorded  are  what  may  ordinarily  be  expected  from  th< 
use  of  the  Lloyd  process  in  the  hands  of  one  fairly  expert  in  th( 
usual  methods  of  quantitive  analysis,  and  do  not,  of  necessity 
represent  adequately  the  degree  of  accuracy  or  uniformity  to  b< 
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counted  upon  when  the  process  is  employed  hy  those  less  familiar 
with  chemical  manipulation,  as  in  the  case  of  the  average  pharma- 
cist or  physician.  All  results  obtained  were  recorded  in  order  to 
afiford  a  correct  average  representation  of  the  working  of  the 
method,  and  this  fact  will  explain  the  presence  of  a  few  abnormal 
deviations  in  certain  series,  which  would  naturally  be  eliminated 
from  consideration  in  establishing  averages. 

The  data  here  given  afford  valuable  material  for  estimating  the 
accuracy  of  the  process  as  one  worthy  of  being  incorporated  among 
our  standard  methods  of  analysis,  and  for  defining  the  limitations 
of  its  useful  application.  Its  widest  field  would  naturally  be  in 
the  analysis  of  alkaloidal  preparations  for  medicinal  use,  as  well 
as  in  the  assay  of  crude  drugs,  and  these  data  may,  therefore,  be 
useful  to  those  engaged  upon  the  revision  of  the  National  Phar- 
macopoeia. Any  recommendation  in  this  direction  would  scarcely 
be  in  place  here. 

With  regard  to  the  applicability  of  the  method,  it  is  to  be  noted 
that  it  does  not  aim  to  separate  one  alk^oid  from  another,  that 
its  sole  purpose  is  to  determine  gravi metrically  the  amount  of 
non-volatile  alkaloid  or  alkaloids,  soluble  in  chloroform  (or  ether) 
present  in  a.  drug  or  solution,  such  as  a  fluid  extract.  In  passing 
judgment  upon  the  utility  of  the  method,  it  is  further  necessary  to 
bear  in  mind  the  varying  tendencies  of  the  alkaloids  to  undergo 
decomposition.  Time,  light,  temperature,  the  nature  of  solvents, 
all  are  factors  in  producing  more  or  less  deterioration  in  the  great 
majority  of  members  of  this  class. 

Keepings  these  facts  in  view,  the  results  of  this  investigation 
may  be  briefly  summarized  as  follows  : 

1.  The  manipulation  involved  in  the  method  is  exceedingly 
simple,  and,  fairly  uniform  results  should  be  obtained  by  one 
familiar  with  elementary  quantitative  work. 

2.  Absolutely  pure  chloroform  must  be  used.  The  three  hy- 
droxides, Fe,(OH),,  Cr,(OH),  and  Al,(OH)..  may  be  used  indiffer- 
ently in  the  production  of  a  magma. 

3.  Ammonium  sulfate  is  totally  insoluble  in  chloroform. 

4.  The  completeness  of  the  extraction  of  alkaloids  from  the  fer- 
ric magma  by  means  of  chloroform  is  all  that  the  most  rigid  ana- 
lyst can  demand.     This  was  proved  gravimetrically  in  the  case  of 


176  THE  AS 

the  difficultly  soluble  dm 
taste  with  emetin,  bructn  i 

5.  The  extraction  of  all 
presence  of  ammonium  sl 
plete  after  three  treatmen 
cases  of  brucin,  strychnii 
and  cinchonidin,  while  an 
case  of  caffein. 

6.  The  recovery  of  alkal 
above  paragraph  is  somev 
table  summarizing  the  los 
to  the  range  of  variation,  1 

Amounl  Rtcovered/rt 
Alkaloid  IlKd. 

Cafiein       

Qui"!" 

Aconitin* 

CiDchonin  

Cinchonidin 

Strychnin 

In  several  cases,  as  in  tl 
increase  is  due  to  the  tre: 
plained  in  paragraph  7. 
less  loss,  accompanied  by 
2.4  per  cent,  in  the  case 
brucin. 

It  is  evident  that  the  ch 
this  method  is  to  be  encoi 
arising  from  the  variable  ( 
been  entirely  evercome  in 
extended  application,  and 
vestigation  in  this  field. 

7.  The  extent  to  which 
sequent  evaporation  on  thi 
the  subject  of  a  special  stii 

*A  single  txccplionnlly  high  rei 


^t  ■ 


Hi^rhest. 

Average. 

I02.2 

100.6 

IOO.O 

99-7 

103.4 

IOI.2 

106.7 

105.5 

100.0 

99.1 

100.4 

100.2 

109.8 

108.9 

102.7 

98.2 
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Amounts  Racvered  Jrom.  100  parts  in  a  Series  of  Five  Analyses, 
in  each  of  which  o.z  gm,  was  used. 

Alkaloid  Used.  Lowest 

Atropin 100.2 

Caffein 99.2 

Quinin 99.8 

Aconitin 104.  i 

Cinchonin 99.5 

Cinchonidin 100.0 

Bmcin 106.6 

Strychnin 93.5 

Strychnin  exhibits  great  variation  with  a  tendency  to  loss.  Caf- 
fein, cinchonin  and  cinchonidin,  are  apparently  unaltered.  Atro- 
pin and  quinin  gain  slightly  in  weight,  aconitin .  more  so,  and 
brucin  most  of  all.  The  range  of  variation,  except  in  the  case  of 
strychnin,  is  much  more  limited  than  in  the  preceding  table. 
This  increase  of  weight,  as  the  result  of  treatment  with  chloro- 
form, is  an  interesting  and  important  fact,  and  a  more  extended 
study  of  its  real  nature  is  reserved  for  a  later  paper.  The  results 
summarized  in  this  paragraph,  applied  as  a  correction  to  those 
given  in  paragraph  6,  show  the  following  average  deterioration 
of  the  alkaloids,  due  to  the  first  stages  of  the  process,  viz.,  from 
the  formation  of  the  magma  to  the  final  extraction  with  chloroform  : 

Deterioration. 

Atropin 5.8  per  cent 

Caffein 4.4 

Quinin 0.2 

Aconitin 5.3 

Cinchonin 7.2 

Cinchonidin 5.3 

Bmcin 7        *'     gain. 

Strychnin 7.6 

It  will  be  seen  that  quinin  and  brucin  are  the  two  alkaloids  in 
the  list,  least  liable  to  decomposition,  while  the  average  deteriora- 
tion  of  the  other  six  alkaloids  ranges  fi'om  4.4  per  cent,  to  7.6  per 
cent. 

8.  The  results  obtained  by  the  direct  analysis  of  fluid  extracts 
are  tabulated  as  follows,  and  show  the  degree  of  uniformity  to  be 
expected  in  the  application  of  the  method  to  several  of  the  ordinary 
alkaloidal  solutions  of  commerce  : 


Alkaloldal  Bxtncl. 

Belladonna 

Guaraiia 

Aconite . 

Hyoscyamus 

Three  of  these  same  solutio: 
amounts  of  the  correspondin] 
the  followiog  results : 


Hitx  vomica  plus  i 

Bmountsofbrucin  and  strict 
Belladonna  plus  atropin  .  . 
Guarana  plus  caffein  .... 

Analyses  of  the  pure  alkak 
tracts  gave  the  following  resu 


I! 

I-',  ij 


lip 


Equal  amounts  of  brucin  and 
Caffein     ...    I 

9.  The  above  resume  of  an 
cases  of  the  alkaloids  subjectei 
which  warrants  the  adoptioi 
where  the  approximate  valuat 
average  loss  and  gain  for  the 
the  above  series  of  experimer 
series,  could  be  used  as  factoi 
due  to  deterioration,  or  to  ir 
chloroform,  and  bring  the  res 

In  its  present  form  the  metl 
suits  than  any  other  rapid  pn 
and  it  is  probable  that  mort 
modifications  restricting  still 
well  as  extending  the  ratige  c 

CmciNSATi.  March  it,  iKgi. 
•Mesnii  of  Hingle  determinations. 


XLIV.  A.PPLICATION  OF  THE  PEARSON  METHOD 
OF  DETERMINING  SULFUR  TO  THE 
ANALYSIS  OF  HORN. 

By  T.  H.  Norton  and  I.  J.  Smith. 

The  acxnirac^  of  Pearson's  method  of  sulfur  determination, 
based  upon  oxidation  with  nitric  acid  and  potassium  chlorate  as 
applied  to  the  analysis  of  sulfonatesand  derivativesof  sulfonicacids, 
was  shown  a  few  years  since  by  Norton  and  Otten.*  Having 
occasion  recently  to  analyze  various  samples  of  horn,  it  seemed 
desirable  to  determine  the  applicability  of  the  method  to  the  deter- 
mination of  sulfur  in  this  substance,  which  may  well  be  taken  as 
a  type  of  tlie  natural  organic  compounds  in  which  the  element 
occurs. 

The  course  of  analysis  was  identical  with  that  described  in  the 
above  papers.  Check  analyses  were  made  by  the  method  of  Rivot, 
Bendantand  Daguinf,  in  which  the  oxidation  is  e£fected  by  passing 
a  current  of  chlorin  through  the  hot  solution  of  the  sulfur  com- 
pound in  potash. 

The  following  results  were  obtained  : 

Sample  /. 

1.  0.7949  gm.  of  horn  shavings  gave  by  Pearson's  method  0.2002 

gm.  of  BaS04  =  0.0274  K°i>  of  S,  or  3.46  per  cent. 

2.  0.5616  gm.  gave,  by  the  same  method,  0.1333  gm.  of  BaS04, 

=  0.0183  gm.  of  S,  or  3.25  per  cent. 

3.  2.2892  gm.  gave  by  Rivot*s  method  0.5598  gm.  of  BaS04  = 

^•0769  gm.  of  S.,  or  3.36  per  cent. 

4*  1. 1428  gm.  gave,  by  the  same  method,  0.28  gm.  of  BaS04  = 
0.0384  gm.  of  S,  or  3.36  per  cent. 

Sample  II, 

I-  0.5226  gm.  of  horn  shavings  gave  by  Pearson's  method  0.144 
gm.  of  BaS04  =  0.0197  gm.  of  S,  or  3.75  per  cent. 

2.  0.461  gm.  gave  by  the  same  method  o.  1338  gm.  of  BaS04  = 
0.01^  gm.  of  S,  or  3.98  per  cent. 

3-  0.5  gm.  gave  by  Rivot's  mfcthod  0.147  gm.  of  BaS04  =  0.019 
gm.  of  S,  or  3.83  per  cent 

Summary. 


By  J^rsan's  Method. 

SAMPLE  I. 

By  RivoCs  Method. 

I.    3.46  per  cent. 

I.     3.36  per  cent. 

2.    3-25       " 

SAMPLE  II. 

2.     3.36       " 

I-    3-75  per  cent. 

I.     3.83  per  cent. 

2.    3.98       " 

•Am.  Chen.  Jour.  10, 130. 141. 

Tv^omptes  rendus  dc  1  'Academic  dcs  Sciences,  1853,  p.  835. 


l8o  NEW   BOOKS. 

While  both  methods  give  satisfactory  results,  Pearson's  is  un- 
questionably the  preferable.  It  involves  less  time  and  less  expen- 
diture of  heat,  while  it  totally  does  away  with  the  inconveniences 
resulting  from  the  use  of  a  current  of  chlorin. 


NEW  BOOKS. 

TUlmaD's  Lessons  In  Heat.* — This  book  is  just  what  it  pre- 
tends to  be,  an  elementary  treatise  on  heat.  It  gives  all  informa- 
tion necessary  for  the  general  student  without  lengthy  descriptions 
of  apparatus  and  experiment.  It  is  brought  up  to  date,  and  con- 
tains accounts  of  the  recent  observations  of  Prof,  Langley  on  heal 
waves  and  their  absorption  by  the  atmosphere.  An  outline  is 
given  of  Prof.  Ferrell's  mathematical  investigations  and  the  more 
modern  theories  of  cyclones  and  tornadoes ;  also,  the  more  recenl 
theories  of  the  deposition  of  dew. 

The  author,  in  treating  of  the  normal  pressure  of  the  atmos 
phere,  quotes  the  well-known  theoretical  conclusions  of  the  lati 
Prof.  William  Ferrel,  in  his  able  treatise  on  this  subject,  and  re 
marks  that  these  conclusions  were  confirmed  by  observations  pub 
lished  in  1 886,  which  proved  the  actual  existence  of  a  line  of  higl 
barometric  pressure  at  latitude  35°  on  each  side  of  the  equator,  etc 
The  author  certainly  must  have  overlooked  the  important  fact  tha 
this  result  had  been  reached  by  Prof.  James  H.  Coffin,  of  Lafeyett 
College,  and  announced  by  him  some  thirty  years  before,  in  hi 
treatise  on  the  "Winds  of  the  Northern  Hemisphere,"  publishe 
by  the  Smithsonian  Institution  in  1853. 

Later,  in  Coffin's  "Winds  of  the  Globe"  (page  666),  Dr.  Ales 
ander  J.  Woeikof,  of  the  Russian  Geographical  Society,  says 
"A  belt  of  low  pressure  near  the  equator,  a  belt  of  high  pressui 
at  about  30°  north  and  south,  and  a  belt  of  low  pressure  from  6c 
to  65°  ;  this  is  the  general  conclusion  arrived  at  by  Prof.  Coffin  i 
his  "Winds,"  etc. 

Prof.  Ferrel  in  his  early  publication  (^Mathematical  Monthly,  Se] 
tember,  1859,  p,  404)  notes  that  "this,  according  to  Prof.  Coffin 
chart  of  the  winds,  seems  to  accord  with  observation."     j.  w.  M, 
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DETERMINATION  OF  COPPER  AND  NICKEL  IN  ORES 

AND  FURNACE  PRODUCTS. 


By  David  H.  Browne. 


The  following  scheme  for  analysis  of  copper  nickel  ores,  mattes 
and  slags  is  presented,  not  with  any  claim  to  novelty  or  originality, 
but  merely  as  a  guide  to  practical  laboratory  routine.  The  chemi- 
cal principles  embodied  are  all  taken  from  Fresenius  and  Classen,  . 
and  the  arrangement  of  work  in  regard  to  time  is  the  method  found 
best  suited  to  the  daily  work  of  the  Laboratory  of  the  Canadian 
Copper  Co.  at  Sudbury,  Ontario. 

Of  green  and  roasted  ores,  as  well  as  slags  and  other  furnace  pro- 
ducts, with  not  over  10  per  cent,  combined  metals,  i  gm.  of  finely 
Pulverized  sample  is  weighed  in  a  No.  i  Griffin  beaker.  All  work  is 
done  in  duplicate  ;  the  two  samples  being  numbered  with  consecu- 
tive analysis  number,  viz.,  1623A  and  1623B.  Of  ordinary  smelter 
niattes  averaging  40  to  50  percent,  metal,  half  a  gram  is  weighed ; 
while  of  refined  matte  or  metallic  samples,  a  quarter  gram  is  found 
suflSdent. 

The  samples,  some  half  dozen  to  each  operator,  are  weighed,  if 
possible,  in  time  to  start  the  determination  of  copper  about  five 
o'clock.  As  the  time  taken  by  the  analysis  is  an  interesting  factor, 
I  have  here  made  a  chart  showing  this  relation. 

Monday,  3  P.  M.     Weigh  a  half  dozen  ore  samples  ;  dissolve  in  about  10  cc. 
strong  HNOj  and  3  cc.  HCl ;  evaporate  slowly  to  dryness. 

Monday,  5  P.  M.  Dissolve  in  HjO  and  a  few  drops  H^SO^,  filter ;  add  a  drop 
or  two  strong  HNO,,  place  in  a  tall  7  oz.  beaker,  put  on  battery  with 
platinum  foil  in  the  form  of  a  cylinder  2}^  inches  long  and  i  inch  diam- 
eter as  cathode,  and  a  platinum  wire  in  form  of  a  corkscrew  inside  this 
as  an  anode.  Connect  with  very  gentle  current,  four  gravity  cells  being 
nsnally  sufficient  for  six  copper  solutions.     Leave  on  over  night. 
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Tuesday,  8  A.  M.  Take  off  platinums  on  which  copper  is  precipitated.  ThFw 
are  previously  tested  by  passing  H^  into  a  few  cc.  of  the  solulion  in  a 
small  beaker  to  prove  copper  is  all  precipitated.  Copper  should  be  t 
firm  crystalline  plating  of  rose-pink  color,  and  very  little,  if  at  iH. 
spongy  at  ends  of  cylinder.  It  is  difficult  to  prevent  sponginess  wbn 
the  percentage  of  copper  is  high ;  but  careful  attention  to  the  streuglt 
of  the  current  will  reduce  thi^  trouble  to  a  minitnum.  Coppers  are  driet 
wilh  alcohol  and  weighed.  The  solution  is  oxidized  with  HNO,  ant 
heat ;  the  iron  is  precipitated  by  two  ammonia  precipitations ;-  the  £1 
trates  are  united  in  a  No.  5  Griffin's  beaker  and  concentrated  on  aani 
bath.     This  takes  till  about  10  A.  M.  for  six  solutions. 

Tuesday,  10  A.  M.  The  ferric  bydrate  of  second  ammonia  hydrate  precipi 
tation  is  dissolved  in  HCI  in  a  flask  holding  abotit  a  liter.  This  solatio: 
is  neutralized  with  Na,CO,  solution  ;  the  carbonate  being  added  from 
burette  towards  the  end  to  secure  a  neutral  point  10  cc.  acetic  adi 
are  then  poured  in  ;  a  teaspoonful  of  crystallized  NaCpigO,  added,  ain 
tbe  flask  placed  under  the  tap  and  half  filled  «ith  hot  distilled  watei 
The  flask  is  placed  over  lamp  and  just  brought  to  a  boil ;  then  given 
rinsing  motion,  which  assists  the  ferric  acetate  to  settle.  It  is  filtere 
into  a  No.  5  or  6  Griffin's  beaker  through  a  ribbed  No.  598  paper,  c 
through  two  No.  597  papers ;  the  flask  is  rinsed  out  with  hot  water  an 
the  filtrate  placed  on  the  sand-bath  over  the  noon  hour. 

Tuesday,  i  P.  M.  The  filtrates  are  now  evaporated  sufficiently  to  alio' 
uniting  them  in  a  No.  6  beaker.  They  are  neutralized  with  HCI 
made  faintly  amnioniacal,  and  heated  to  boiling,  then  taken  to  tl 
hood  and  connected,  three  or  four  at  a  time,  with  the  generator  and  H, 
passed  into  each  for  five  minutes.  Beakers  are  set  on  the  heat  till  pr 
cipitate  settles,  and  then  filtered  as  rapidly  as  possible  through  a  ribb( 
No.  597  filter  of  13}4  cc.  diameter.  The  precipitate  is  washed  two  < 
three  times  with  hot  water,  which  should  be  almost  boiling,  or  nick 
will  oxidize  and  run  through  filter.  The  precipitates  are  put  on  stea 
table  or  in  drying  oven  to  dry. 

Tuesday,  1  P.  M.  The  dried  filter  papers  are  put  in  large  china  cracibl 
and  burned  over  gasoline  lamps.  The  residue  of  NiO  and  NiSO,  is  d 
solved  in  a  few  drops  HNOg  and  some  water  in  a  No.  i  Griffin  beakt 
and  allowed  to  evaporate  slowly  to  dryness.  When  dry,  the  residue 
dissolved  in  H,SO„  a  few  drops  being  sufficient. 

Tuesday,  4  P.  M.  The  solution  is  placed  on  the  battery  with  a  platinum  f 
and  spiral  similar  to  that  used  for  copper,  but  smaller.  The  beaki 
(No.  I  Griflin's  form)  are  filled  with  strong  NH,OH,  and  connecti 
made  with  strong  battery.  About  nine  Grove  cells  are  not  too  many  I 
six  nickel  solutions. 


r-.    ^^ 


DETERMINATION  OF  COPPER  AND   NICKEL.  1 83 

Wednesday,  8  A.  M.  The  nickels  should  be  precipitated,  leaving  solutions 
with  no  blue  color,  and  still  strongly  ammoniacal.  The  coppers  also 
which  are  put  on  every  afternoon  are  supposed  to  be  ready  to  weigh  at 
the  same  time  as  the  nickels. 

The  above  outline  will  show  that  accuracy  is  much  more  of  a  de- 
sideratum than  rapidity.  By  reducing  the  work  to  a  systematic 
routine,  any  clever  workman  who  can  read  and  follow  directions, 
can  make  as  good  a  separation  of  nickel  from  copper  and  iron  as  the 
most  skillful  analyst.  The  accuracy  of  the  above  method  will  be 
seen  from  comparing  our  analysis  of  a  shipment  of  low  grade  matte 
with  that  of  one  of  the  best  known  New  York  analysts  whom  I 
will  call  D. 

Copper.  Nickel. 

Our  analysis  averaged  .   .    .    22.92  per  cent.  17.60  per  cent. 

D's        "  "         ...    22.99       "  17.665     " 

The  samples  were  taken  separately,  ours  from  the  cars  here  as 
the  shipment  was  loaded,  and  D's  sample  in  New  York.  Another 
example  of  triplicate  analyses  made  by  us  of  a  low  grade  matte 
shows  similar  agreement. 

Copper.  Nickel. 

A 18.72  per  cent.  16.10  per  cent 

B 18.70       *'  16.10 

C 18.71       "  16.10 


CI 

tl 


If  we  wish  to  save  time,  one  sample  is  taken  and  duplicate  elec- 
trolytic determinations  made  of  copper ;  while  in  two  other  sam- 
ples the  copper  is  precipitated  from  an  hydrochloric  acid  solution 
by  sulphuretted  hydrogen,  and  the  filtrate  treated  as  above  for 
nickd. 

At  the  other  furnaces  in  the  Sudbury  district,  the  English  cya- 
nide method  is  used  both  for  copper  and  nickel.  The  potassium 
cyanide  method  for  copper  is  too  well  known  to  need  description  ; 
but  an  outline  of  the  method  for  nickel  may  be  of  interest. 

A  much  larger  quantity  of  ore  or  matte  is  taken  for  analysis 
than  is  customary  where  the  electrolytic  method  is  in  vogue.  The 
substance  is  dissolved  as  usual ;  copper  is  precipitated  by  sulphu- 
retted hydrogen ;  iron  is  removed  by  one  basic  acetate  separation  ; 
nickel  is  precipitated  in  ammoniacal  solution  by  sulphuretted  hy- 
drogen, and  is  filtered  and  burned  as  above.     The  residue  is  di§- 
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solved  in  aqua  regia  or  nitric  acid,  then  neutralized  by  a 
This  precipitates  some  iron,  which  may  carry  a  little  nickel. 
This  is  filtered,  redissolved  in  hydrochloric  acid,  reprecipitated, 
and  the  filtrates  are  united.  The  solution  of  nickel  is  made  faintly 
acid  and  is  titrated  by  a  strong  solution  of  potassium  cyanide, 
which  is  run  in  from  a  burette  till  the  first  formed  precipitate  of 
nickel  cyanide  is  redissolved.  The  solution  of  potassium  cyanide 
is  made  up  by  dissolving  a  pound  of  potassium  cyanide  in  a  half 
gallon  acid  bottle  of  distilled  water,  and  should  be  standardized 
about  every  week  with  pure  nickel. 

I  have  not  found  this  method  satisfactory,  as  a  very  small 
amount  of  acid  is  sufficient  to  destroy  the  sharpness  of  the  end 
reaction.  As  a  rapid  and  approximate  method  of  estimating  the 
amount  of  nickel  in  an  ore  or  matte,  it  may  be  of  some  use ;  but 
as  an  accurate  method  of  determination  of  the  exact  percentage  of 
nickel,  the  electrolytic  method  cannot  at  present  be  superseded, 

[Contributions  frou  thk  Chbmical  Division.  U.  S.  Depart- 
ment OF  Agriculture.    No.  XXI.] 

\Conlribultd  by  H.  W.  U'iley.'i 

THE  SOLUBILITY  OF  VARIOUS  INORGANIC  SALTS  IN 
ACETONE  AND  OF  ACETONE  IN  DEX- 
TROSE SOLUTIONS.* 

We  have  investigated  the  solubility  of  some  inorganic  salts  in 
acetone,  the  results  being  embodied  in  the  following  tables : 
Chlorides. 

Sodium  chloride insoluble. 

Polassinin  chloride insohible. 

Ammonium  chloride .   , insoluble. 

Calcium  chloride ,    .  very  sparingly  soluble. 

Barium  chloride very  sparingly  soluble. 

Strontium  chloride  (anhydrous)    ....  very  sparingly  soluble. 

Ferric  chloride freely  soluble. 

Zinc  chloride  (in  sticksl freely  soluble. 

Cobaltous  chloride  (anhydrous)  .....  freely  soluble. 
Nickeloua  chloride  (anhydrous)     ....  insoluble. 

Cadmium  chloride  (anhydrous) somewhat  soluble. 

Mercuric  chloride very  freely  soluble. 

Mercurous  chlorides insoluble. 


*  - 
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Bromides, 

Potassium  bromide slightly  soluble. 

Sodium  bromide slightly  soluble. 

Cadmium  bromide  (anhydrous) freely  soluble. 

lodiiies. 

Potassium  iodide soluble. 

Mercuric  iodide soluble.  * 

Cyanides  and  Snipkocyanides, 

Mercuric  cyanide freely  soluble. 

Potassium  sulphocyanide freely  soluble. 

Ammonium  sulphocyanide freely  soluble. 

Ferric  sulphocyanide soluble. 

Cobaltous  sulphocyanide soluble. 

Nickelous  sulphocyanide insoluble. 

Nitrates  and  Nitrites. 

Sodium  nitrate very  slightly  soluble. 

Poaassium  nitrate very  slightly  soluble. 

Ammonium  nitrate slightly  soluble. 

Barium  nitrate insoluble. 

Bismuth  nitrate insoluble. 

^d  nitrate .   .  • very  slightly  soluble. 

Silver  nitrate soluble. 

Potassium  nitrate very  slightly  soluble. 

Carbonates. 

Potassium  carbonate insoluble. 

*^inm  carbonate  (anhydrous) insoluble. 

Sulphates  and  Sulphites, 

opper  sulphate  (anhydrous) insoluble. 

otaasiuxn  sulphate insoluble. 

emc  sulphate  (anhydrous) insoluble. 

crroiis  ammonium  sulphate  (crystalline)  insoluble. 

«m>us  sulphate  (anhydrous) insoluble. 

Calcium  sulphite insoluble. 

Acetates. 

^^nc  acetate  (crystalline) soluble. 

T     5^^  Acetate  (crystalline) slightly  soluble. 

Ij^  acetate  (crystalline) sightly  soluble. 

^^^^sium  acetate insoluble. 

So^um  acetate insoluble. 

Calcium  acetete insoluble. 
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Miuellaaeous. 

SBium  ferri  cyanide .insoluble. 

c  add freely  soluble. 

;mic  sulphide insoluble. 

ssium  chlorate very  slightly  soluble. 

ic  pyrophosphate insoluble. 

□Qnium  molybdate iuaolnble. 

nouium  oxalate insoluble. 

nonium  tartrate insoluble. 

ric  chloride  (crystalline) freely  soluble, 

:eloua  sulphate  (crystalline)    ....  very  sparingly  soluble. 

ium  chloride  (crystalline) soluble.  - 

iltous  nitrate  (crystalline) freely  soluble. 

leious  nitrate  (crystalline)  ....     sparingly  soluble. 

c  acid freely  soluble. 

aric  add freely  soluble. 

lie  acid freely  soluble. 

lubility  at  25°  C.  has  been  determined  quantitRtively  for 
mig : 

100  Parti  Acetone 
ubstance.  by  Weight  DUuItc 

^ura  iodide 3.930 

saiuni  bromide 023 

:uric  chloride 59-990 

curie  iodide 3.090 

iltons  chloride  (anhydrous) 8.610 

!havior  of  acetone  with  dextrose  solutions  is  similar  to 
sugar  solutions.  The  solubility  of  acetone  in  dextrose 
ranging  from  10  to  50  per  cent,  was  determined  foi 
The  method  used  was  the  same  as  that  applied  to  deter^ 
solubility  of  acetone  in  sugar  solutions. 

/oogms.  Dextrose  Solulions  Dissolve  at  i^  C. 


747-86 
»37-7r 
146.30 
7  J- 7a 
3^70 


[CONTRIBirriONS  PROM  THB  ChBMICAI^  DIVISION,  DBPARTMBNT 

OF  Agricui*turk,  No.  XXII.] 

[ConiribuUd  by  H.  W.  Wiley. ^ 

NOTE  ON  THE  SPECIFIC  GRAVITY  OF  AQUEOUS 

SOLUTIONS  OF  ACETONE.* 

By  K.  p.  McBl&oy  and  W.  H.  Kruo. 

In  the  following  table  are  given  the  specific  gravities  of  acetone 
solutions  as  determined  for  every  five  per  cent.  Determinations 
were  made  in  a  piknometer  carrying  a  thermometer  stopper,  and 
were  all  done  from  duplicate  solutions.  The  acetone  used  had  a 
boiling  point  of  56.4.  It  was  prepared  from  the  crude  acetone 
sold  by  Hasslacher,  in  New  York,  by  boiling  the  redistilled  article 
over  calcium  chloride  under  a  reflux  for  three  days,  and  then  dis- 
tilling. Samples  prepared  by  first  converting  the  acetone  into 
acetone-sulphite  of  soda,  liberating  the  acetone  with  sodium  car- 
bonate, distilling,  dehydrating,  and  again  distilling,  gave  figures 
identical  with  the  acetone  used.  Acetone  purified  by  allowing  a 
dilute  solution  to  stand  over  permanganate  for  a  day,  dehydrating, 
distilling,  etc.,  gave  closely  agreeing  figures.  In  the  tables,  spe- 
cific gravity  is  taken  to  mean  the  weight  in  grams  of  i  cc.  (not 
corrected  for  vacuo)  at  the  temperature  of  observation.  In  other 
words  water  at  4  is  taken  as  unity.  The  values  given  by  Rosseti*s 
table  {Biedermann^ s  Chem,  Kalendar,  26)  for  the  density  of  water 
at  different  temperatures  were  used  to  determine  the  capacity  of 
the  piknometers. 

Table, 

Weight  of  Weight  of  Weight  of 

I  cc.  in             I  cc.  in  x  cc.  in 

Per  cent.                                                         Grams  at  Grams  at  Grams  at 

Acetone.                                                             15°.                  20°.  25° 

100  79726  79197  78630 

95 80748  80205 

90 82197  81653 

85 83588  83073 

80 84981  84454 

75 86442  86129  85533 

70 88085  87545  87073 

65  89271  88785  88282 

60 90447  89953  89477 

*Re«d  before  the  Washington  Chemical  Society,  March  10,  1892. 
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Weight  of       Vclghtof       WciKbtof 

55 91536     •    '91054  90603 

50  9^549  9*051  91673 

45  935'8  93091  9a678 

40 94488  94075  93691 

35  95293  94931  94547 

30  9609a  95748  95411 

a5  96783  96490  96asi 

ao 97444  97aio  96961 

15  98038  97831  976C4 

10 98681  98513  9834a 

5 98931  99169  98979 

o 99160  99826  99713 

Specific  Gravity  of  Acetone  Used. 

"5° 797»6 

16° 796» 

17° 79514 

18° 79408 

19° 7930a 

ao" 79197 

*i° 79107 

aa° 78988 

as" 78869 

a4° 78750 

as" 78630 


:ill.   THE  SOLUBIUTY  OF  ACETONK  IN  SOLUTION 
OF  CARBOHYDRATES,  AT  15",  25°  AND  35"  C* 


have  continued  the  experiments  on  the  solubility  of  acetoi 
;olutions  of  carbohydrates, 
n  the  case  of  dextrose,  it  was  found  that  with  a  ten  per  cen 

Read  bcroTF  Vtit  Wasblnglon  Chemical  Society.  April  14. 1891.    CommuDicatcd  to  tl 
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solution,  the  rule  which  had  been  observed  with  other  solutions, 
VIZ.,  that  the  solubility  decreases  with  a  rise  in  temperature,  was 
reversed. 

In  a  10  per  cent,  dextrose  solution,  the  solubility  of  acetone  in- 
creases as  the  temperature  rises,  while  in  more  concentrated  solu- 
tions the  solubility  follows  the  common  rule. 

The  solubility  in  10,  20  and  30  per  cent,  sugar  solutions  was 
also  determined,  and  this  was  found  to  act  similarly  to  maltose. 

It  seems,  therefore,  that  sugars  of  the  group  C„Hj,Oii  behave 
similarly  with  acetone,  while  sugars  of  the  group  CgH„0,  act  dif- 
ferently fiom  the  above. 

m 

Solubility  of  Acetone  in  Dextrose  Solutions, 

\  100  Cms.  Dextrose  Solution  Dissolve  Cms.  Acetone  at 


f 


Per  Cent.  Dextrose.                                                   15°                     25°  35° 

'                      10 736.75              747.86  761.54 

^                      20 255.28              247.71  240.80 

30 157.54              14983  142.53 

40 86.95                79.57  74.03 

50 36.16                33.02  31.18 

Solubility  of  Acetone  in  Maltose  Solutions. 

100  Cms.  Maltose  Solution  Dissolve  Cms.  Acetone  at 

Per  Cent.  Maltose.                                                    15°                     25°  35° 

10 353-63              348.09  342.03 

20 185.40              181. 17  176.86 

30 "9.90              115.99  112.37 

40 78.35                74.73  70.53 

50 46.17              42.95  39-82 

Solubility  of  Acetone  in  Sucrose  Solutions. 

100  Cms.  Sucrose  Solution  Dissolve  Cms.  Acetone  at 

Per  Ccnl.  Sncrose.                                                     150                     25°  35° 

^0 :  .  .  .  .  597.23    581.84  574.84 

*,                         » 272.53              263.19  251.82 

/                         3D 172.40              162.55  150.61 

April  13, 1893. 
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constant  level  tube  C,  D  is  the  inner  tube,  the  height  of  the  tops 
of  which  determines  the  water  level  in  the  still.  E  is  the  metal 
tube  making  connection  with  the  interior  of  the  still.  F  repre- 
sents the  outlet  for  attachment  of  pipe  to  carry  off  waste  water. 
C  is  a  steam  dome,  serving  for  the  attachment  of  the  condenser 
tube,  and  to  prevent  water  drops,  projected  from  the  boiling  water, 
passing  over  with  the  steam.  The  condensed  water  runs  from  H 
and  is  preserved  in  a  stoppered  carboy  placed  beneath  the  table  on 
which  the  condenser  rests.  /  is  tube  for  thermometer,  and  K 
water  space. 

The  whole  rests  on  a  foundation  of  brick,  and  is  heated  T^y  a 
Fletcher  burner,  using  natural  gas.  The  oven  is  of  heavy  copper, 
tin  lined,  with  condenser  of  zinc  with  a  coil  of  block  tin. 

From  our  ordinary  use  of  the  oven  in  drying  operations,  we 
have  an  abundant  supply  of  distilled  water  besides,  and  when  once 
set  in  operation,  the  further  action  of  still  and  oven  is  automatic. 

Chemxcai.  Laboratory, 

Univbrsity  of  Buffalo. 


[Contributions  prom  thb  Laboratory  of  Fred.  C. 

Weixs,  Savannah,  Ga.] 

ON  THE  STANDARDIZATION  OF  ACID  FOR  THE  KJEL- 
DAHL  DETERMINATION  OF  NITROGEN. 

In  view  of  the  importance  of  a  correct  standardization  of  the 
acid  in  the  above  method,  it  seems  of  interest  to  compare  the 
methods  recommended  by  the  Association  of  OflScial  Agricultural 
Chemists  with  each  other  and  with  others  commonly  adopted. 

M.  A.  Scovell,  in  his  opening  address  to  the  Association,  re- 
ported results  obtained  by  A.  M.  Peter,  Keduced  to  terms  of  nitro- 
gen in  a  one-tenth  normal  solution  of  ammonia. 

My  determinations  were  made  in  a  solution  of  hydrochloric  acid 
containing  approximately  10.43  ^^'  of  HCl  to  the  liter. 

For  convenience  of  comparison,  I  have  reduced  Peter's  results 
to  an  acid  2.8  X  one-tenth  normal  HCl. 

The  results  so  obtained  were  gravimetrically  with  AgNO,,  10.26 
gms.  HCl  to  the  liter. 

Volumetrically  with  tetroxalate  of  potassium,  10.35  gm.  to  the 
liter. 


2  THE  STANDARDIZAl 

By  distilling:  NH.CI  with  an-es 

My  results  are  given  in  the  foil 

Bu  balance 
DFtertnlnid.  Mi 

HCI  eotution,  Gravimetricall 

"  Volumetricall; 

3  detenu  in! 

"  Distilling  NH, 

.      "  NaHCO,, 

NH,OH  solution,    Oxalic  add  bo 
"  Oxalic  acid  cai 

H,SO„ 

Determinations  ii  and  12  were 
iced  at  my  disposal  by  Mr.  B.  ] 
:d  by  himself  against  carefiill 
les. 

Determinations  with  iodide  at 
ver  than  the  gravimetric  methc 
I  found  cochineal  useless  as  3 
imonia. 

The  difference  between  the  gr 
th  NaOH  is,  according  to  Petei 
r  figures,  .14  gm.  to  liter. 
The  close  agreement  of  these  h 
'  results  with  each  other,  suffic 
5s  of  the  results  obtained  are  di 
>ulation  ;  and  that  these  result 
the  higher  results  obtained  1 
th  silver. 

tn  the  literature  at  my  disposal 
:  use  of  sodium  carbonate  is  tl 
lis  objection  applies  in  a  still  gi 
,te.*     The  only  objection  that 

Ibid  BoTQlragen,  Zeit.  f.  atifil.  Chem.  SI, 
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plies  to  the  tetroxalate,  viz.,  that  containing  crystal  water,  it  is 
liable  to  alter  in  keeping.  Peter's  results  for  the  tetroxalate 
method  were  .04  gm.  to  liter  lower  than  those  obtained  from  dis- 
tilling NH^Cl  with  NaOH.  The  results  which  I  obtained  from 
NajCOg.  NaHCO,.  and  from  HjC^O^  were  from  .01  to  .03  gms.  less 
than  by  distillation,  or  practically  agreeing  with  Peter's. 

It  seems  safe  to  conclude  : 

ist,  That  the  gravimetric  method  gives  too  low  results. 

2d,  That  distillation  of  an  ammonia  salt  with  NaOH  gives  too 
high  results. 

3d.  That  the  true  value  of  standard  solutions  may  be  obtained 
very  closely  with  either  soda,  tetroxalate  of  potassium,  oxalic 
acid,  or  bicarbonate  of  sodium.- 

Tetroxalate  of  potassium  possesses  all  the  disadvantages  that 
pertain  to  all  the  above-mentioned  reagents.  It  is  harder  to  purify 
than  soda,  and  it  ''weathers**  as  readily  as  oxalic  acid. 

Bomtrager's  article  came  to  hand  too  late  for  me  to  embody  ex- 
periments on  acid  tartrate  of  potassium  in  this  article. 

ON  CARMINE  SUGAR. 

Hlasiwetz  and  Grabowski  found  in  cochineal  a  sugar  to  which 
they  gave  the  name  "carminzucker,**  and  assigned  the  formula 
C,H^Oj  at  50°,  CjHgO,  at  100°.     (Annalen,  141,  338.) 

In  hopes  of  identifying  the  sugar  with  some  of  the  better-known 
glucoses,  I  subjected  cochineal  to  oxidation  with  concentrated 
nitric  acid.  Among  the  oxidation  products,  I  discovered  oxalic 
acid,  but  no  mucic  or  saccharic  acid ;  on  purifying  according  to 
Hlasiwetz  and  Grabowski,  I  obtained  a  liquid  reducing  Fehling's 
solution  and  giving  no  reaction  ;  with  a  solution  of  fuchsin  decol- 
orized with  SO,,  on  distillation  with  acids,  I  obtained  a  red  color- 
ation in  the  distillate  with  acetate  of  anilin. 

*It  must  be  noted  here  that  Wehmer  and  Tollens  obtained  no 
levulinic  acid  from  pure  carmine  acid.  It  seems  to  me  evident  that 
the  so-called  carminzucker  is  one  of  the  pentoses,  and  as  Hlasiwetz 
and  Grabowski  failed  to  observe  any  optical  activity,  probably 
xylose. 

•Bct.  19,  708. 


PYRITES  AS  A  MATERIAL  FOR  THE  MANUFACTURE 
OF  SUI.PHURIC  ACID. 


I  am  inclined  to  think  that  Mr.  W.  H.  Adams,  in  his  article  on 
"  Pyrites  as  a  Material  for  the  Manu&cture  of  Sulphuric  Acid," 
in  the  February  Journal,  has  given  to  pyrites  an  advantage  over 
brimstone  as  a  material  for  the  manufacture  of  sulphuric  acid, 
which  I  do  not  think  it  possesses,  except  in  mining  centers  where 
copper  may  be  obtained  advantageously  from  the  cinders. 

In  the  first  place  he  places  the  cost  of  pyrites  at  five  dollars  per 
ton,  a  bettCT  average  being  from  six  to  eight  dollars,  excepting  in 
immediate  mining  districts,  while  the  price  of  brimstone  he  places 
at  twenty-four  dollars  per  ton,  which  is  perhaps  correct;  but  if 
anything,  a  little  high,  being  more  correctly  from  twenty-two  to 
twenty-four  dollars  per  ton  ;  the  uncertainty  of  the  supply  of  py- 
rites in  this  country  is  a  further  disadvantage  in  the  use  of  this 
material. 

In  the  second  place,  in  the  manufacture  of  sulphuric  acid  from 
brimstone,  he  uses  six  per  cent,  of  nitrate  of  soda,  and  with  py- 
rites uses  only  four-and-a-half  per  cent ;  while  it  is  a  well-known 
fact  among  manufacturers  that  brimstone  plants  can  easily  be  run 
on  three  per  cent,  of  nitrate  of  soda,  some  even  claiming  to  run  as 
low  as  two  per  cent.,  while  with  pyrites  from  five  to  six  per  cent. 
is  considered  good  running,  and  I  am  disposed  to  think  more 
plants  use  above  this  amount  than  below  it. 

Thirdly,  he  employs  the  same  number  of  men  when  using  brim- 
stone as  when  using  pyrites,  while  it  is  also  evident  that  more 
men  are  required  to  attend  a  furnace  burning  pyrites  than  one 
using  brimstone. 

A  brimstone  furnace  that  would  require  the  services  of  two  men 
for  charging  (one  day,  one  night)  will  produce  as  much,  if  not 
more,  acid  than  a  pyrites  furnace  requiring  double  this  number  cf 
men  for  charging,  not  considering  the  number  of  men  required  to 
prepare  the  ore  for  the  furnace,  which  would  equal,  if  not  exceed, 
the  number  required  for  chai^ng.  He  also  estimates  the  cost  of 
the  two  plants  the  same,  while,  in  fact,  a  pyrites  furnace  will  not 
only  cost  more,  but  near  double  as  much  as  a  brimstone  furnace  of 
the  same  capacity,  and  will  also  require  a  much  larger  chamber, 
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generally  calculated  to  be  at  least  one-third  larger.  Moreover, 
the  life  of  the  chamber  is  calculated  to  be  from  fifteen  to  twenty 
years  with  brimstone,  but  only  from  ten  to  fifteen  years  with  py- 
rites as  a  material. 

I  had  charge  of  sulphuric  acid  works  for  four  years,  using  at 
first  pyrites,  afterwards  brimstone,  and  it  was  after  thorough  study 
and  examination  of  the  works,  both  in  Atlanta,  Ga.,  and  Charles- 
ton, S.  C,  that  we  changed  from  pyrites  to  brimstone,  and  were 
rewarded  by  being  able  to  produce  more  and  cheaper  acid  per  day 
with  the  same  chambers  than  before.  We  used  pyrites  from  Geor- 
gia. Virginia,  and  the  Northwest,  the  latter  being  superior,  but 
the  supply  too  uncertain. 

BBNTOMVXU.B,  ARKANSAS. 


APPLE  JACK,  OR  APPLE  BRANDY. 

By  S.  C.  Upson,  Jr. 

The  manufacture  of  apple  jack  or  apple  brandy  is  quite  a  large 
industry  in  some  parts  of  Virginia,  Northeastern  Georgia,  North 
Carolina,  Tennessee,  and  New  Jersey,  and,  in  fact,  in  every  local- 
ity where  the  cultivation  of  apples  is  carried  on. 

At  convenient  localities  there  are  usually  licensed  distilleries,  to 
which  the  farmer  hauls  his  apples,  and  in  return  receives  the  apple 
brandy  which  they  produce,  less,  of  course,  the  toll  of  the  distiller. 

The  following  is  a  description  of  the  method  employed  at  a 
large  apple  brandy  distillery  in  Virginia.  The  distillery  itself  is 
a  regular  whiskey  distillery  outfit,  with  the  addition  of  a  large 
cider  press. 

There  are  two  methods  of  making  the  apple-jack,  and  hence  the 
brandy  itself  is  known  by  two  names,  i,e,y  apple-jack  and  jug 
brandy,  according  to  the  method  employed  in  its  production. 

The  usual  method  is  to  mash  the  apples  and  express  the  cider 
in  the  cider  press.  This  cider  is  then  allowed  to  stand  in  barrels 
under  a  shed,  in  the  open,  air,  until  it  becomes  * '  hard  cider. ' '  This 
usually  takes,  in  dry  autumn  weather,  from  ten  to  eighteen  days, 
according  to  the  temperature  of  the  air  at  that  season.  The  cider 
is  then  taken  into  the  distillery  and  distilled. 

The  first  distillate  is  called  technically  **singlings*'  or  **low 
wines."     This  is  then  redistilled,  which  gives  apple-jack. 

The  second  method  consists  in  simply  mashing  the  apples,  and 
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illowing  the  cider  and  mash  to  ferment  together  in  large  hogs- 
leads,  under  sheds.    This  takes  about  thirteen  to  fourteen  days. 

The  mash  and  cider  are  then  put  in  the  boiler  and  distilled. 

But  to  keep  the  mash,  which  settles  firmly  at  bottom  of  the 
xiiler,  from  burning,  and  thereby  giving  to  the  brandy  a  disa- 
greeable,' bitter,  and  smoky  flavor,  the  distillers  add  wood-ashes, 
vhich,  mixing  with  the  gummy  residue,  keeps  it  from  adhering 
o  the  bottom.  The  boiling  of  the  liquid  keeps  the  residue  in  con- 
stant agitation.  When  pine  wood  ashes  are  used,  they  impart  to 
:he  brandy  a  resinous  flavor,  and  this  liquor  is  known  as  "Pine- 
op  Brandy."  Sand  can  be  substituted  for  ashes,  but  rapidly  wears 
)ut  the  copper  boilers. 

Sweet  apples  yield  the  most  brandy. 

The  correct  judging  as  to  the  time  when  the  cider  has  reached 
:he  proper  state  of  fermentation  is  of  importance  in  obtaining  the 
argest  run  of  brandy  ;  for,  if  allowed  to  stand  too  long,  or  at  too 
ligh  a  temperature,  the  cider  speedily  goes  into  vinegar,  and  when 
Mice  the  acetic  fermentation  sets  in,  it  goes  on  very  rapidly. 

If  a  farmer  hauls  one  hundred  bushels  of  apples  to  a  distillery, 
le  receives  about  nine  gallons  of  apple-jack,  which  is  usually  less 
:han  one-half  the  total  production. 

Apple  brandy  wholesales  at  the  distillery  for  $1.25  to  I1.50 
per  gallon.     The  government  tax  is  ninety  cents  per  gallon. 

The  mash  is  thrown  away,  as  it  is  considered  unfit  for  use. 

I  secured,  several  months  ago,  some  apple  brandy  made  in  New 
fersey.     Below  is  an  average  result  of  my  analysis, 
Analysis. 

Specific  gravity  of  brandy  at  15°  C .9338 

CoDslituentB  as  Coiirtiliientm  u 

Alcohol,  volume 56.0  per  cent.  

weizht 47,6        "  

Extract  dried  at  100°  C.     .    .        0.318  grams.  0.351  per  cent. 

Ash 0.0006      "  0.Q064      " 

Free  acid  as  malic  ....  0.01104    "  0.0225      " 

Pusel  oil  as  amylic  alcobol,        0.133a      "  0.141        " 

The  methods  of  analysis  employed  were  those  given  in  Allen's 
IJommercial  Organic  Analysis,  Vol.  I. 

The  fusel  oil  was  determined  by  L.  Marquardt's  method. — Ber. 
15,  1370-1393- 
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SULPHUR-MINING  IN  SICILY.* 

Rbport  Bt  Consul  Heath,  Catania. 

The  mining  and  fusing  of  sulphur  ore  in  Sicily  has  been  carried 
on  for  a  great  many  years,  but  from  lack  of  enterprise  and  for 
want  of  outside  capital,  which  cannot  be  induced  to  invest  in  any 
enterprise  on  the  island,  the  mining  and  fusing  is  still  carried  on 
in  the  most  primitive  fashion.  In  the  majority  of  mines  machin- 
ery is  unknown,  and  in  the  larger  and  more  valuable  ones  only 
pumps  and  hoisting  apparatus  are  used.  Hand  labor  is  universal, 
and  a  great  many  children  find  employment  in  carrying  in  baskets 
on  the  head  the  mineral  from  the  mine  to  the  surface. 

There  are  practically  four  systems  of  melting  sulphur  in  Sicily 
—the  Calcherone,  the  Sinopoli  furnace,  the  steam  process,  and 
Gill's  furnace.  The  first  two  are  most  largely  used,  because  it  re- 
quires little  or  no  capital  to  fuse  in  this  way.  They  have  a  great 
many  disadvantages,  however,  viz  :  The  fumes  kill  or  ruin  all 
vegetation  for  miles  in  the  vicinity ;  the  sulphur  rock  being  used 
for  fuel  in  these  processes,  a  large  percentage  of  sulphur  is  conse- 
quently consumed,  besides  about  lo  per  cent,  is  still  left  in  the 
mineral  rock ;  then  the  product  is  not  so  valuable  as  in  the  other 
processes. 

The  steam  process  is  a  great  improvement  on  the  first  two,  but 
can  only  be  used  where  the  mineral  is  very  rich  and  porous.  No 
fumes  escape  to  destroy  vegetation,  and  the  product  is  of  a  better 
quality.  This  process  is  comprised  of  large  iron  tubes  filled  with 
mineral,  into  which  dry  steam  is  injected. 

OflScial  experiments  in  two  of  the  processes  give  the  following  re- 
sults: Four  cubic  meters  of  mineral  melted  by  the  steam  process 
have  yielded  1,031  kilogrammes  of  sulphur;  4  cubic  meters  of 
mineral  melted  by  the  Calcherone  process  have  yielded  932  kilo- 
grammes of  sulphur. 

Gill's,  an  English  process,  has  been  tried  extensively  on  the 
island,  but  I  am  now  informed,  is  no  longer  used,  because  it  re- 
quired skilled  assistance  and  only  a  small  quantity  of  mineral  can 
be  treated  at  a  time. 

The  Leon  Gil  y  Ruiz  patent  Spanish  process  seems  to  be  the 
most  scientific  and  to  give  the  best  results.  It  has  obtained  the 
following  perfection  :  Mineral  for  trial  was  chemically  analyzed 

*Proin  Consular  Reports,  Nov.,  1891. 
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and  found  to  contain  15  p 
Gil's  furnace  was  12.22  p( 
process  5.6  per  cent.,  thu 
cent,  of  sulphur,  instead  < 
estimated  cost  per  day  of 
of  the  Leon  Gil's  patent 

Four  fireman,  at  2  lire 

One  engine-driver    .   . 

Coal 

Oil 

Sundries 

Cleaning  steam-boilers 

Repairs,  machinery,  at 

Total 

In  opening  a  mine  in  t 
competition  with  the  Sid 
mind — first,  that  the  pay 
ond,  that  freight  is  equall; 
freights  for  sulphur  to  N 
often  lower  than  by  sailin 
have  some  heavy  cargo  01 
that  the  freight  on  a  box 
was  only  one-fourth  of  th 
Tampa,  Fla.,  to  New  Yo 
profit  on  the  orange  and 
money  on  the  sulphur  fn 
ballast. 

I  append  a  letter  frc 
Licata,  and  also  one  frot 
furnace.  -Mr.  Verderamt 
from  actual  knowledge. 

CONSULAR  AGEN: 

In  reply  to  your  dispatch  1 
a  real  pleasure  for  me  to  rem 
is  not  easy  to  give  an  exact 
above  letter,  but  I  will  try  to 

You  will,  very  likely,  havi 
in  Sicily  is  still  in  its  infancy 
ion,  this  industry  is  condemr 
simple  reason  that  brimstone 
as  to  render  it  unwise  to  inc 
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ings  for  regular  work.  Daily  experience  proves  that  it  is  foolish  to  rely  too 
much  on  the  richness  and  importance  of  a  sulphur  vein,  that  may  change 
from  one  moment  to  the  other,  causing  the  total  loss  of  the  investment 
made.  There  are  very  few  mines  in  Sicily  deserving  the  expense  of  a  regu- 
lar and  complete  outfit,  and  in  the  best  cases  the  greatest  economy  must  be 
used,  always  bearing  in  mind  that  a  sulphur  mine  worked  with  activity  will 
not  last  long. 

The  cost  of  mining  cannot  be  stated  with  exactness,  because  all  the  mines 
do  not  present  the  same  difficulties.  In  fact,  many  of  bhem  are  from  200  to 
300  meters  deep,  while  others  can  be  worked  at  from  20  to  30  meters  below 
the  surface  of  the  earth.  The  quantity  of  water  to  be  pumped  out,  the  hard- 
ness of  the  materials  covering  the  brimstone  ore,  and  the  direction  and  di- 
mension of  the  seams  cause  greater  or  less  expenses.  Nevertheless,  I  think 
I  am  not  very  far  from  the  truth  when  I  state  that  the  mean  cost  for  obtain- 
ing a  ton  of  brimstone  is  as  follows : 

Mining  and  hoisting 33 

Melting 8 

General  expenses 5 


Total 46 

To  this  should  be  added  the  Governmtent  and  town  dues,  reaching  as  high 
a«3oper  cent,  of  the  profits. 

Tbe  transportation  to  the  seaports  is  made  partly  by  carts  and  mules  and 
partly  by  railway.  The  freight  varies  according  to  distance.  The  shipping 
expenses  have  not  varied  much  during  the  last  3  years,  and  are  as  follows  : 

Cartage  from  the  railway  car  and  storage  in  warehouses,  per  ton,  0.80 

Transportation  on  lighters do  .    .    2. 10 

Customs  dues .    .  12.00 

Chambers  of  commerce  dues .25 

The  commission  of  the  shipping  agent  is  i  j^  per  cent. 

Crude  brimstone,  as  exported  by  the  United  States,  is  divided  into  seven 
diferent  qualities,  or  grades.  The  difference  between  two  such  grades 
amounts  to  little  more  than  30  cents  per  ton. 

The  market  price  of  brimstone  changes  daily,  and,  therefore,  it  is  not  easy 
to  state  the  exact  price  which  has  ruled  during  the  last  3  years.  But  we 
may  reckon  that  the  prices  dqring  i888-'89  remained  nearly  steady  at  about 
71  lire  per  ton,  free  on  board,  duties  and  commission  extra.  During  last 
year  the  price  ranged  from  66  lire  in  the  first  months  to  as  high  as  loi  lire 
in  the  last  months. 

Sulphur  in  Sicily  is  only  refined  in  Catania ;  therefore,  you  can  obtain 
personally  full  information  on  the  different  methods  in  use. 

The  Sinopoli  furnace,  mentioned  in  your  dispatch,  seems  to  have  given 

satisfactory  results.     Inclosed  you  will  find  a  letter  with  a  full  and  complete 

description  of  this  furnace. 

ARTHUR  VERDERAME, 
%  Consular  Agent. 

United  States  Consular  Agency, 
Lie  ATA,  July  15, 1891. 


I  ansver  with  some  delay  y 
poll  furnace,  as  important  busi 

The  Sinopoli  furnace  is  com 
made  of  iron  plates,  in  which  t 
3  meters  long,  3  meters  high,  i 
the  other,  separated  by  a  space 
aven  around  which  are  two  Ht 
from  the  upper  part  into  theabi 
ing  over  the  walla  of  the  cells,  i 

After  the  cells  are  filled  wi 
stratum  o(  wet  chalk,  with  a  hi 
lets  for  the  vapor  and  gases  coi 
and,  after  all  vapors  and  gases 
is  diminished,  continuing  so 
melted  mineral  commences  to 
a  hole  punctured  in  its  lower  p 

About  30  hours  are  needed 
tained  in  the  six  cells  ordinari! 
the  number  of  cells'snd  consec 
of  the  mineral  increases  in  pro 

According  to  Engineer  MatI 
been  obtained  :  Average  yield 
13.5  per  cent.;  average  yield 
crease,  6.5  per  cent,  which  at  t 
the  mine,  would  bring  a  profit 

Engineer  Mattura  submitteii 
commerce  the  following  modif 
above  furnace:  (i)  Two  fum 
(3)  between  the  walls  joining  t1 
structed,  two  in  the  upper  and 
product  of  the  combustion  and 
should  be  constructed  of  cast 
each.  The  cases,  as  a  trial,  v 
long,  because  after  a  few  opera 
these  furnaces  would  amount  t 

Engineer  Mattura  says :  "T 
tE^s  of  the  steam  one,  that  is, 
year,  giving  at  the  same  time  t 

Sebadifalbo,  July  iiS,  1391. 

COSTS   OF   MINI! 

Mining. — The  cost  of  n 
the  richness  of  the  1 
per  ton. 
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The  estimate  of  $9  per  ton  is  for  mining  and  bringing  to  the 
sorface  the  mineral  and  fusing  it  on  the  spot  ready  for  market.      , 

Refining  sulphur  is  another  branch  of  the  trade.     The  process 
and  costs  are  kept  secret. 

Ttantf>artatian, — ^The  cost  of  transportation  varies  in  each  mine. 
The  modes  are  by  railroad,  when  the  mine  is  in  the  vicinity,  by 
mule  back,  and  by  private  narrow-gauge  railroads  from  some  of 
the  richest  mines. 

Exporting, — In  Catania  lighterage  or  cartage  is  about  10  lire 
per  ton.    The  export  duty  is  10  lire  per  ton. 

Prices, — Prices  to-day  for  all  grades  of  Licata  sulphur,  unmixed, 
in  store  at  Catania,  are  as  follows  per  100  kilogrammes : 


Dcflcnption. 

Price. 

Description. 

Price, 

First  grade  (best)  .... 
Second  grade : 

Best 

Good    ...       ... 

Current   .   .       ... 

Urt. 
10.71 

10.57 
10.44 

10.12 

Third  grade : 

Beat 

Good 

Current 

Lire. 
9.85 

9-77 
8.70 

The  highest  and  lowest  prices  for  third-grade  (best)  sulphur,  in 
store  at  Catania,  during  the  various  months  of  the  last  3  years  was 
as  follows  : 


Month. 


1889. 

January 
February 
March. 
April    . 
May.   . 
June.  . 
July.   . 
August 
September 
October  . 
November 
December 

1890, 

January  .  . 

February  . 

March.    .  . 

April    .   .  . 


Price. 


Lire. 

8.61  to  8.45 
8.91  to  9.01 
8.87  to  8.85 
8.90  to  8.83 
8.84  to  8.24 
9-35  to  9.02 
8.75  to  8.71 
8.90  to  8.85 
8.80  to  8.79 
8.60  to  8.53 
9.00  to  8.98 

8.97 

8.90  to  8.86 
8.87  to  8.86 
9.05  to  9.04 
9.23  to  9.21 


Month. 


1890— Continued. 

May 

June , 

July 

August , 

September  .   .    .  , 

October    .   .   .    .  , 

November   .    .   .  , 

December    .   .   .  , 


189Z. 

January 

February.    .   .;  .   . 

March 

April 

May 

June 

July 


Price. 


Lire. 
9.01 
8.99  to  8.97 
8.96  to  8.91 
8.95  to  8.91 
8.49  to  8.48 
8.51  to  8.43 
8.57  to  8.44 
8.90to8.67>i 


9.48t09.37 
9.51  to  9. 50 
9.41  to  9. 40 
9.23  to  9.21 
9.27to9.ii 
9.04  to  9.03 
9.37  to  9. 23 


The  merchants  in  Sicily 
LoDdoti  bankers'  credits, 
desired  from  the  warehousi 
known  quantity  in  transac 
claim  the  option  of  shippin 


Some  of  the  principal  ex] 
ter,  Catania;  Alonzo  &  C 
F.  Bailer  &  Co.,  Messina  ; 
kind  &  Co.,  Palenno;  You 
furnish  market  reports  if  st 

Sulphur  is  always  shipp 
The  principal  shipping  mei 

SUPPLE 
Mr.  Edward  A,  Oates,  oi 
cian  on  sulphur  products, 
information. 

In  reply  to  your  letter  of  t 
the  figure?  of  average  cost  of  bi 
the  first  6  months  of  this  year  i 
ployed  for  refiniug  sulphur,  wl 
ment  mining  engineers. 

The  cost  of  shipping  sulphui 

I  am  sorry  I  can  pot  state  tt 

changes  according  to  the  depth 

carried  by  men,  and  the  hardni 


"888 5-59  !  5. 

'889 [   5-57  i  5- 

1890 6.48  I  6. 

1891  (first  6  months)  '    9.55  ;  9. 
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The  following  is  the  report  on  methods  for  refining  sulphur  by  ! 

the  Italian  Goverment  mining  engineer.  < 

i 

THB    CALCHBRONE 

This  process  is  the  one  mostly  used.     In  the  province  nearly  65  per  cent, 
of  the  sulphur  is  obtained  through  the  Calcherone,  because  it  offers  the  great  j 

advantage  of  little  expense  in  building,  and  even  the  cost  of  fusing  is 
greatly  reduced,  thus  obtaining  a  good  product  in  a  very  short  time.  It  can 
be  made  of  any  size  and  capacity,  from  40  to  50  cubic  metres  to  250  and  even 
300  cubic  metres. 

GILL*S  PURNACB. 

The  use  of  Gill's  furnace  is  extending  rapidly,  as  it  is  found  of  great  ad- 
vantage in  small,  as  well  as  in  large,  mines.  About  25  per  cent,  of  the  sul- 
phur produced  in  the  province  is  obtained  by  this  system.  It  further  ofiers 
the  advantage  of  permitting  the  fusion  as  soon  as  the  mineral  is  extracted, 
because  it  produces  very  little  smoke  and  generally  is  of  no  damage  to  any- 
one. It  is,  however,  subject  to  the  law  of  185 1,  by  which,  in  case  of  damage,  - 
its  use  must  be  discontinued.  With  a  certain  kind  of  mineral  it  gives  an 
increased  production,  much  to  the  detriment,  however,  of  the  quality.  For 
setting  up  one  of  these  furnaces  a  heavy  outlay  is  required,  especially  if  a 
permanent  one  is  needed.  Even  the  cost  of  fusing  is  higher  than  with  the 
Calcherone.  It  can  be  constructed  either  with  three  or  four  cells,  but  the 
one  with  four  cells  is  always  preferred. 

OTHBR   FURNACBS. 

Other  furnaces  under  experiment  are  as  follows  : 

Di  SUfan6*s  furnace, — This  furnace  has  six  cells.  It  is  similar  to  Gill's  fur- 
nace, as  far  as  the  passing  of  the  gas  is  concerned,  but  the  alimentation  of 
the  air  is  nol  constant,  and  the  condensation  of  the  gaseous  product  is 
brought  to  the  highest  degree.  No  practical  results  are  known  as  yet,  but 
certainly  it  will  be  preferred  to  Gill's  furnace  as  its  workings  are  less  dan- 
gerous. 

Duleita  <2f  Consianzo*s  furnace. — ^This  furnace  has  four  cells.  The  ali- 
mentary air  in  this  system,  does  not  pass  through  the  burning  coal,  but  is 
heated  in  passing  through  a  canal  around  one  of  the  cells  in  fusion.  No  re- 
sults are  known. 

Various  patented  systems,  as  Perelli's',  etc.,  are  now  discarded. 

Sieam  furnace, — ^This  furnace  is  used  in  different  important  mines,  and 
nearly  10  per  cent,  of  the  sulphur  is  so  obtained  To  build  one  of  these  fur- 
naces a  great  expense  is  required,  and  skilled  people  are  necessary  to  work 
it  It  has.  however,  the  advantage  of  immediately  fusing  the  mineral  ex- 
tracted, but  the  yield  is  not  larger  than  that  obtained  with  the  Calcherone, 
although  the  quality  is  superior  by  2  degrees.     The  cost  of  fusing  is  also 

higher,  but  equal  to  that  of  Gill's  furnace. 

CHARLES  HEATH, 
UNfTBD  States  Consulatb,  Consul. 

Catakia,  September  2,  1891. 


A  RAPID  METHOD  FOR 
TION  IN  IRON,  ! 

Bv  JiMEH  O.  Handy,  Chemist  op 

No  method  of  determining 
chemists  unless  it  possesses  a 
While  retaining  the  accuracy  o 
must  be  simpler,  more  rapidly 
belief  that  the  process  which  I 
direction,  is  my  reason  for  now 

I  owe  to  Mt,  C.  E,  Manby's 
mary,  1892,  the  suggestion  0 
The  method  which  he  gives  is 
with  the  Emmerton-Drown-Jor 
1890),  which  can  be  executed, 
minutes,  or  less.  Mr.  E.  F.  V 
one,  is  said  to  yield  results  in 
how  uniformly  reliable  these  re 
always  checked  by  a  longer  mc 

I  have  proved  by  a  gjreat  ma 
stq)s  of  Mr.  Manby's  process  c: 
ply  modified,  and  a  rapid  and  s 

My  method  consists  of  the  fo 

(a).  Separation  of  the  phos] 
of  ammonium,  by  washing  will 
after  the  regular  washing  with 

(i).  Solution  of  the  pure  phc 
ume  erf"  a  standard  sodium  hydr 
of  the  alkali  is  taken  up  in  nent 

(c).  Titration  of  the  excess  of 
ard  nitric  acid.  Pheuol-phtalei 
reaction  is  very  distinct.  Dup 
dant  results,  which  agree  exact 
rus  by  gravimetric  methods.  ' 
without  use  of  suction,  an  ana 
minutes.  I  am  confident  that 
An  analysis  has  in  fact  just 
(March  29th.) 

'Paper  tcaA  March  34,  lRr>a,  before  the 
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The  first  part  of  the  process  is  essentially  that  of  Dr.  Drown  (A. 
I.  M.  E.,  June,  1889).  I  have  confirmed,  by  long  experience,  Dr. 
Brown's  statement  that  sugar  can  be  safely  used  as  a  reducing 
agent  in  the  process.  Clemens  Jones  substituted  ferrous  sulphate, 
but  I  find  that  it  requires  several  times  as  much  ferrous  sulphate 
as  sugar  for  reduction,  and  that  the  sugar  produces  no  ill  effects. 
Pure  granulated  sugar  is  used. 

THE  METHOD. 

Dissolve  2  gms.  of  steel  in  a  12-ounce  Erlenmeyer  flask,  in  75 
cc.  of  nitric  acid  (1.13).  To  the  boiling  solution,  add  15  cc.  of 
permanganate  solution  (5  gms.  per  liter).  .  Boil  until  pink  color 
disappears.  Oxidation  of  the  carbon  and  phosphorus  is  complete 
if  there  remains  a  brown  precipitate  of  oxide  of  manganese.  More 
permanganate  will  be  required  only  in  the  analysis  of  iron  or  steel 
of  very  high  carbon.  Remove  flask  for  a  moment  fi*om  the  light. 
Add  about  ^  gm.  of  granulated  sugar.  Replace  flask  on  the 
light  and  heat  till  the  solution  clears.  Take  flask  off  the  light, 
and,  after  two  or  three  minutes,  add  13  cc.  6f  .90  ammonia.  If 
the  latter  is  poured  carefiilly  down  the  side  of  the  flask,  no  loss  by 
spattering  will  occur.  Agitate  the  flask-contents  till,  in  a 
moment,  the  ferric  hydrate  is  redissolved.  Insert  thermometer, 
and  cool  (or  warm)  to  85  degrees  centigrade.  Add  50  cc.  of 
molybdate  solution,  causing  it  to  rinse  off  the  thermometer  as  it 
flows  into  the  flask.  Insert  rubber  stopper.  Wrap  flask  in  towel, 
or  put  it  into  a  shaking-box,  and  shake  it  for  five  minutes.  Filter 
immediately,  using  a  9  cm.  Swedish  filter,  and  moderate  suction. 
The  precipitation  is  complete,  and  the  precipitate  shows  no  ten- 
dency to  run  through  the  filter.  Wash  out  flask,  and  wash  the 
filter  and  contents  five  times  with  i  per  cent,  nitric  acid ;  wash 
five  times  with  ~  per  cent,  potassium  nitrate  wash  (i  gm.  per 
liter).  Place  filter  and  contents  in  the  flask.  Add  from  a  pipette 
10  or  20  cc.  of  standard  sodium  hydrate  solution.  Shake  for  a 
moment,  until  the  yellow  precipitate  is  dissolved.  Dilute  with 
water  to  about  50  cc.  Add  3  drops  phenol-phtalein  solution  and 
titrate  with  standard  nitric  acid  till  the  pink  color  disappears. 
The  cubic  centimeters  of  standard  sodium  hydrate  used  up  in 
neutralizing  the  yellow  precipitate  represent  the  hundreths  per 
cent,  of  phosphorus  in  the  sample  analyzed. 
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REAGENTS. 

Molybdale  Solution. — E.  F.  Wood's  i 
molybdic  add  is  mixed  with  1 200  cc.  ol 
700  cc,  of  ammonia  (.90  sp.  gr.)  are  sti 
tinued  till  all  soluble  matter  is  dissolve( 
acid  (sp.  gr.  143)  are  added  to  partial! 
in  the  solution.  In  each  of  four  2j^ 
mixture  of  500  cc.  nitric  acid  (sp.  gr.  i. 

Pour  550  cc.  of  the  molybdate  solut 
each  bottle,  and  mix  the  contents  by 
If  the  stream  of  molybdate  flows  quic! 
the  acid  mixture,  no  separation  of  i 
Both  solutions  may  be  hot  when  mixe< 

I  have  used  this  formula  for  three  yi 

and  have  seen  it  in  continuous  use  in 

Little  or  no  separation  of  molybdic  acid 

but  we  always  filter  it  just  before  using 

FILTER   PAPEl 

No  I  "F."  Munktel's  Swedish  filter 
satisfaction.     We  are  much  pleased  wit 

Nine  cm.  filters  are  used. 

PURE  YELLOW  PRECl 

This  can  be  prepared  from  acidified  a 
phate  by  precipitating  with  molybdate 
cipitate  with  1  per  cent,  nitric  wash. 
Keep  in  glass-stoppered  bottles  for  use. 

Use  one-tenth  gm.  for  standardizing 
tion  for  work  on  steels,  etc.,  containing 
of  phosphorus.  For  high  phosphoru 
phospho-molydate  approximately  equa 
fi'om  the  analysis  of  z  gms.  of  the  meta 
multiplying  the  slight  excess  of  nitric 
titrating  excess  of  sodium  hydrate.  ' 
drop  or  perhaps  one-tenth  cc.,  and  w 
multiplied  by  five  or  ten.  By  observin 
racy  of  the  method  may  be  preserved 
phosphorus  percentage. 
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When  the  method  is  once  established  in  a  laboratory,  the  stand- 
ardization of  the  sodium  hydrate  solution  may  be  more  conveni- 
ently done  by  means  of  steel  or  pig-iron  of  known  phosphorus 
contents. 

STANDARD  SODIUM  HYDRATE. 

15.4  gms.  of  sodium  hydrate  are  dissolved  in  100  cc.  of  water. 
Saturated  barium  hydrate  solution  is  stirred  into  the  sodium  hy- 
drate solution  until  no  more  precipitation  occurs.  Filter  at  once 
and  make  up  to  two  liters  with  distilled  water.  In  practice,  I 
shall  make  up  154  gms.  of  sodium  hydrate  at  once,  freeing  it  from 
carbonate  as  above  and  make  up  2  liters.  200  cc.  of  this,  made 
up  to  2  liters  will  make  the  standard  approximately. 

STANDARD  NITRIC  ACID. 

For  a  stock  solution,  make  up  200  cc.  of  nitric  acid  (sp.  gr.  1.42) 
to  2  liters.  200  cc.  of  the  stock  solution  is  made  up  to  2  liters  for 
approximate  standard.  Run  the  standard  alkali  and  acid  against 
each  other,  and  having  ascertained  their  relative  strengths,  add 
sufficient  water  to  the  stronger  of  the  two  to  make  the  solution 
equal  in  valtie. 

Next  run  the  sodium  hydrate  solution  against  .1000  gm.  pure 
ammonium  phospho-molybdate  =  .00163  gm.  phosphorus.  If  its 
strength  is  too  great  {e,  ^.,  if  i  cc.  =.00206  gm  phosphorus) 
add  to  2  liters  of  the  standard  sodium  hj'drate  60  cc.  of  water. 
In  order  to  preserve  the  equality  of  the  acid  and  alkali  solutions, 
add  to  2  liters  of  the  standard  nitric  acid  60  cc.  of  water  and  mix. 
The  solutions  will  then  be  equal  and  i  cc.  =  .0002  gm.  of  phos- 
phorus or  -^  per  cent,  phosphorus,  when  2  gms.  of  the  sample  are 
taken  for  analysis. 

PHENOL-PHTALEIN    INDICATOR. 

Five-tenths  gm.  of  phenol -phtalein  are  dissolved  in  200  cc.  of 
95  per  cent,  alcohol.     Use  about  3  drops  for  each  titration. 

We  feel  sure  that  the  phospho-molybdate  of  ammonium «  as  we 
obtain  it  in  this  process  contains,  when  dried  at  100°  Centigrade, 
1.63  per  cent,  of  phosphorus.     Our  reasons  are  as  follows: 

I.  Mr.  E.  F.  Wood  finds  1.63  per  cent,  phosphorus  in  the  phos- 
pho-molybdate obtained  by  his  method  and  dried  at  100°  Centi- 
grade.    (See  J.  A.  C,  1888). 
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lave  found  by  hundreds  of  analyses  the  absolute  agne- 
suits  by  Mr  Wood's  process  with  those  by  Dr.  Drown'i 
E.,  1889)  process,  modified  by  weighing  instead  oiHIra- 
ilow  prectpitate. 

ranz  Hundeshageu,  in  a  very  elaborate  series  of  researcbe 
1889),  finds  that  phospho-molybdate  precipitated  and 
s  we  do  it,  has  1.63  per  cent,  of  phosphorus  when  driei 
ntigrade. 

nd  that  pure  phospho-molybdate  dried  at  100°  Centt 
Ts  no  further  loss  of  weight  when  dried  at  150°  Centi 
euce  we  have  two  authorities  to  prove  that  the  phos 
date  as  we  obtain  it  contains  1.63  percent,  phosphorus 
ind  the  results  obtained  by  precipitation  at  temperature 
3  85°  Centigrade  are  iudentical. 

ind  that  samples  precipitated  at  85°  Centigrade  can  bi 
mediately  and  correct  results  obtained,  while  at  lowe 
res  longer  standing  is  needed  before  precipitation  of  th< 
s  is  complete. 

ind  by  experiments  on  a  sample  of  steel  containing  .01. 
i  arsenic  that  the  phosphorus  can  be  correctly  estimate< 
thod  without  added  precaution. 

nd  perfect  agreement  between  results  by  weighing  thi 
cipitate  and  results  by  titrating  the  same  by  our  method 
if  results  of  some  of  the  experiments  by  which  we  eatab 
accuracy  of  the  method  are  given  below ; 


WMcfaiil« 

Pbospbo-HolyDdate. 

FbCKpboru*. 


■alti  bv  1 
iO«pbc>-H( 


RctulM  l»  Titntln 
phocpho-itolybdati 

PhlMplKHV*. 
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The  last  sample  contains,  according  to  Messrs.  Booth,  Garrett, 
&  Blair,  phosphorus  .097  per  cent.,  arsenic  .014  per  cent. 

DISCUSSION. 

Mr.  Manby  :  I  am  very  glad,  indeed,  to  see  that  my  method 
has  been  so  quickly  taken  up  and  improved  by  Mr.  Handy,  and 
that  he  has  obtained  such  good  results  with  it.  I  hope  that  the 
investigations  of  your  committee  will  confirm  his  results.  I  have 
made  estimations  with  the  method  in  forty  minutes,  but  I  am 
pleased  to  see  that  this  time  has  been  cut  down  one-half  by  Mr. 
Handy.  I  found  that  the  presence  of  ammonium  salts  was  prejudi- 
cial to  the  accuracy  of  the  titration,  and  I  therefore  resorted  to  the 
process  of  purifying  the  yellow  precipitate  by  igniting  it  moder- 
ately over  a  lamp  to  expel  ammonium  nitrate.  I  consider  the 
freeing  of  the  yellow  precipitate  from  acid  and  ammonium  salts, 
by  washing  with  -^  per  cent,  potassium  nitrate,  a  material  im- 
provement. I  had  feared  to  attempt  titrating,  with  filter-paper 
suspended  in  the  solution,  but  Mr.  Handy's  good  results  show  that 
this  kai  was  ungrounded. 

The  reaction  which  takes  place  when  the  sodium  hydrate  solu- 
tion is  added  to  the  yellow  precipitate,  is  an  interesting  study.  I 
think  that  the  yellow  precipitate  has  the  composition  (NH^)8P04, 
12  MoOj.  I  believe  iAai  the  ammonia  in  this  compound  is  replaced 
by  soda  when  excess  of  sodium  hydrate  is  added.  I  think  that 
with  the  conditions  of  dilution  which  we  operate  under,  the  am- 
monia would  be  held  in  solution. 

Mr.  Vak  Gundy  :  I  believe  that  the  soda  does  not  replace  the 
ammonia  ;  for,  if  it  did,  then  an  exactly  equivalent  amount  of  am- 
monia would  be  set  fi'ee,  and  the  alkalimetric  value  of  the  resultant 
solution  would  be  indentical  with  that  of  the  measured  amount  of 
soda  solution  which  was  added.  As  practice  shows  that  this  is 
not  the  case,  but,  as  the  amount  of  soda  used  up  varies  with  the 
amount  of  yellow  precipitate  present,  I  believe  that  the  base  of  the 
soda  unites  directly  with  the  phospho-molybdate  of  ammonia  to 
form  a  neutral  compound. 

Mr.  Handy:  I  favor  Mr.  Van  Gundy's  theory. 

Mr.  Manby  :  I  believe  that  there  is  a  certain  amount  of  nitric 
acid  which,  ordinarily  separates  out  with  the  yellow  precipitate, 
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and  is  not  removed  by  drying  at  i< 
by  higher  heat. 

Mr.  Handy  :  My  experience  am 
the  presence  of  nitric  acid  in  the  ye 
washed  with  i  per  cent,  nitric  acid 
or  (i),  when  washed  with  i  per  ce 
-~  per  cent,  potassium  nitrate,  an 
yellow  precipitate  by  washing  with 
ing  at  100°  C.  This  material  was 
ties  to  prevent  reabsorptioii  of  moi: 
precipitate  exposed  for  a  balf-houi 
165°  Centigrade  in  an  air-oven,  nc 
either  case. 

lu  regard  to  the  presence  of  nitri 
after  washing  with  i  per  cent,  nit 
cent,  potassium  nitrate,  I  do  not  be 
almost  indentical  results  are  obtaiT 
the  undried  and  dried  precipitates. 
sionally  obtained,  but  I  found  a  hi; 
the  undried  precipitates.  These  t^ 
prove  the  presence  of  nitric  acid  in 

We  have,  further,  the  statement 
most  elaborate  research  (Z.  A.  C, 
tate  obtained  by  precipitation  unde 
that  we  have  in  our  method,  has  tl 
MoO„  when  dried  at  150°.     No  nil 

Mr.  Eastwick  (to  Mr.  Manby)  ; 
caution  of  making  your  standard 
from  carbonate  of  sodium  a  very  no 

Mr.  Manby  :  I  do ;  and  I  give  1 
suggestion. 

Mr.  Carnahan  :  I  have  found  sli 
when  yellow  precipitate,  dried  at  i 
a  temperature  of  150°  Centigrade, 
more  than  1  per  cent,  of  the  weight 

Mr.  C.  M.  Johnson  :  I  also  havi 
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the  yellow  precipitate,  dried  on  a  filter  at  loo**  Centigrade,  is  ex- 
posed to  150**  Centig^de. 

Mr.  Handy  :  I  believe  that  Mr.  Carnahan's  and  Mr.  Johnson's 
losses  of  weight  were  due  to  the  oxidation  of  the  carbon  of  the 
filter  at  the  expense  of  the  oxygen  of  the  molybdate.     This  action 
is  evidenced  by  the  progressive  blueing  of  the  filter  and  precipitate 
when  exposed  longer  than  three-quarters  of  an  hour  to  a  tempera- 
ture of  100®  Centigrade  or  over. 

My  experiments  were  made  by  heating  pure  yellow  precipitate 
in  porcelain  crucibles.  I  thus  avoided  any  error  caused  by  filter- 
paper  oxidation. 

NOTES  ON  IRON  IN  BONE-BLACK.* 

By  Dk.  Bruno  Terns. 

The  freshly-prepared  bone-black  of  the  market  yields  on  an 
average  fiiom  o.i  to  0.3  per  cent,  of  iron  in  the  form. of  metallic 
iron,  originating  principally  from  iron  mixed  with  the  bones  gath- 
ered up  by  the  junk  dealers,  another  portion  coming  from  the 
wear  and  tear  of  tbe  bone  crushers  and  mills,  and  a  very  little  from 
the  iron  vessels  used  in  burning  the  bones. 

Having  been  in  charge  for  the  last  fifteen  years  of  one  of  the 
largest  plants  for  manufacturing  bone-black,  I  had  never  experi- 
enced any  trouble  with  our  product,  on  account  of  the  iron,  until 
several  months  ago,  when  one  of  our  patrons  complained  of  an 
excess  of  iron  in  our  black,  which,  according  to  his  investigation, 
had  run  up  in  one  instance  to  one-half  of  one  per  cent. 

This  complaint  was  coupled  with  the  assertion  that  an  increase 
of  0.25  per  cent,  of  iron  above  the  average  would  materially  impair 
the  process  of  refining  sugar. 

TJiis  charge  coming  from  a  source  commanding  serious  con- 
sideration, caused  us  to  look  into  this  matter  thoroughly,  but  an 
examination  of  the  literature  of  sugar  refining,  covering  a  period 
commencing  with  1872  (  Wagner" s  Jahresberichte)  up  to  date,  failed 
to  disclose  a  single  case  in  corroboration  of  the  above-cited  as- 
sertion. 

The  more  I  thought  over  the  matter  the  more  I  became  con- 
vinced that  the  complaint  made  against  our  black,  that  it  impaired 

•ProccedingB  of  the  Chemical  Section  of  the  Franklin  Institute,  J.  P.  I.,  April,  1892. 


2^2  NOTES   ON 

the  work  of  refining  sugai 
text  to  sbield  some  irregu 
otherwise  would  have  to 
that  organic  acids  will  di 
liquoTs  should  be  Tree  fi 
by  previous  neutralization 
certainly  all  be  absorbed  fc 
of  lime  contained  in  fresh 
black  the  yield  of  carbona 
cent.,  and  the  yield  of  i 
clearly  that  fi-esh  black  oi 
well  as  other  impurities. 

In  order  to  ascertain  wl 
acid  would  have  on  the  iro 
of  citric  acid  containing  i 
cent,  of  free  acid. 

The  acidity  of  these  sol 
entering  filters  will  ever  a 

I  selected  a  black  which 

cent,  of  iron,  and  made  th 

fa)    5  ems.  of  black  wi 

U)    5     ■' 
(rf)io     '■ 

I  exposed  the  four  fiask 
four  hours  to  a  temperatui 
the  still  acid  solution  for 
potassium  ferridcyanide,  b 
solution. 

Not  satisfied  with  this  1 
steam-bath  at  a  temperatu 
two  experiments  were  abs 

To  operate  on  a  sample 
of  the  experiment  beyond 
black,  yielding  one -half  p< 
two  liters  of  citric  acid  . 
citric  acid,  for  twenty-four 

At  the  end  of  this  time  1 
disappeared   and   the  abs 
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trace  of  iron  with  the  most  sensitive  reagents  (potassium  sulpho- 
cyanide  and  potassium  ferridcyanide). 

I  went  still  a  step  further  and  prepared  a  solution  of  iron  in 
citric  acid,  200  cc.  of  which  contained  i.oi  gms.  of  iron.  I  took 
100  cc.  and  diluted  to  500  cc.;  I  mixed  the  dark-yellow  solution 
in  a  flask  with  500  gms.  of  fresh  regular  sugar-house  black,  boiled 
up  for  thirty  minutes,  filtered  and  obtained  a  perfectly  limpid  solu- 
tion which  contained  not  a  trace  of  iron. 

This  experiment  proved  to  my  own  satisfaction  that  an  acci- 
dental excess  of  0.25  per  cent,  of  iron  in  fresh  black  could  not  be 
charged  with  creating  irregularities  in  the  process  of  refining  sugar 
liquors.  But  not  being  an  expert  in  sugar  refining  I  submitted 
this  problem  with  the  above  results  of  njy  own  researches  to  my 
friend,  Dr.  Amo  Behr,  now  Secretary  and  Treasurer  of  the  Chicago 
Sugar  Refining  Company,  an  acknowledged  expert  in  this  branch 
of  chemical  industry  at  home  and  abroad.  1  submit  herewith 
an  abstract  of  his  letter : 

Chicago,  January  4,  1892. 

-My  Dear  Dr.  Terne  :  *  *  *  **Iron  is  a  very  objectionable 
substance  to  have  in  filtered  sugar  solutions,  because  the  refined 
soft  sugars  which  are  produced  from  such  solutions  take  on  a 
more  or  less  gray  appearance,  which  reduces  their  value  consider- 
ably compared  with  others,  which  are  free  from  iron  and  of  a 
bright  yellow  color. 

"Colonial  raw  sugars  contain  sometimes  a  considerable  amount  of 
iron,  and  in  the  absence  of  good  chemical  methods  for  the  removal 
of  this  iron  fi'om  the  unfiltered  liquor,  the  refiner  relies  on  the 
bone-black  to  absorb  it. 

"In  some  refineries  the  sugar  solutions  enter  the  black  practi- 
cally neutral,  in  others  they  are  left  a  little  acid,  but  this  is  of  no 
consequence,  for  you  have  found  yourself  that  new  black  will  absorb 
the  iron  even  from  a  strongly  acid  solution.  Even  old  working 
bone-black  contains  enough  carbonate  of  lime  (three  or  four  per 
cent.)  to  neutralize  any  considerable  excess  of  acid.  There  is, 
however,  a  considerable  difference  in  the  behavior  of  new  and  old 
black.  Say  you  want  to  filter  100  pounds  of  dry  sugar  over  100 
pounds  of  bone-black.  Say  this  sugar  contains  two  to  three  hun- 
dredths of  one  per  cent,  of  IPefi^.     The  solution  will  come  from 
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Ew  black  absolutely  free  from  iron,  while  from  the  old  black 

f  it  perhaps  will  be  free,  and  the  other  half  will  contain  it  ii 

ising  quantities. 

his  will  happen  with  .properly  neutralized  liquor  and  withoui 

'ermentation   having  occured.     Hven  if  the  sugar  solutioi 

i  the  black  free  from  iron,  towards  the  end  it  will  come  fron 

Id  black  containing  iron. 

:  works  this  way  without  any  attempt  having  been  made  ti 

the  liquor  out  of  the  black.     As  soon  as  that  is  done  matter 

le  worse.     Even  from  very  good  black  the  diluted  sugar  so 

I  carries  away  a  certain  amount  of  iron. 

Tow  in  working  it  is  found  that  the  amount  of  iron  increasej 

e  black  with  its  age,  and  that  in  the  same  proportion  tht 

nt  of  iron  increases  in  the  liquor.     There  is  no  way  of  re 

ig  the  iron  once  absorbed  by  the  black. 

here  are  three  sources  of  iron  in  the  black : 

"The  iron  originally  contained  in  the  black, 

"The  iron  in  the  raw  sugar, 

"The  iron  taken  up  by  the  liquors  and  the  bone-black  ii 
igar  refining. 

be  liquor  has  very  Uttle  chance  to  dissolve  iron,  but  th< 
black  gets  more-or  less  of  it  by  its  passages  through  the  kilns 
s  iron  in  the  raw  sugar  the  refiner  has  to  take  and  make  tbi 
if,  but  in  the  case  of  the  iron  in  the  new  black  he  will  nature 
all  back  on  the  bone-black  manufacturer  and  I  do  not  blam< 

t  is  reasonable  to  expect  that  a  black  with  o.  i  per  cent.  Fi 
iirnish  iron-free  liquors  for  a  longer  time  than  one  with  o.; 
;nt.  Fe,  Most  of  the  iron  in  new  bone-black  is  in  the  me 
state  and  can  be  removed  by  running  the  crushed  black  ove; 
>Tietic  separator, 
/ith  best  regards,  Yours  very  truly, 

"Arno  Behr." 
■tainly  every  one  will  agree  with  my  friend.  Dr.  Behr,  tha 
er  cent,  impurity  of  anything  is  to  be  prefered  to  0.3  pei 
the  self-interest  of  the  manufacturers  will  command  the  adop 
if  such  means  as  keep  the  percentage  of  iron  as  low  as  possible 
the  interest  of  manufacturers  of  bone-black  everywhere,  1 
;ht  it,  however,  of  sufficient  importance  to  refute  the  theorj 
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that  an  accidental  excess  of  a  fraction  of  a  per  cent,  over  the  ac- 
knowledged unavoidable  proportion  of  iron  in  new  black,  could  be 
held  accountable  for  any  disturbance  in  the  process  of  sugar  re- 
fining, and  to  have  my  protest  recorded  with  the  section  against 
such  a  claim. 

This  point  has  been  fairly  covered  by  my  own  experiments,  and 
is  clearly  corroborated  by  the  opinion  of  one  of  the  most  competent 
sugar  chemists  of  this  country. 

Regarding  the  chemical  methods  of  iron  determination  which 
are  far  too  laborious  to  perform  every  day,  I  have  been  trying  to 
find  a  method  which  could  be  carried  on  with  suflScient  accuracy 
without  requiring  previous  chemical  training. 

I  found  that  a  boy  with  the  help  of  a  magnet,  could,  by  exer- 
cising the  necessary  care,  make  a  determination,  suflSciently  ac- 
curate for  the  daily  control  of  a  bone-black  mill. 

Take  loo  gms.  of  the  black  and  spread  in  a  thin  layer  over  a 
sheet  of  white  paper,  then  plough  through  it  with  a  good  magnet 
(I  am  using  a  six-inch  horseshoe)  and  it  will  be  found  that  most 
of  the  iron  will  be  picked  up  at  the  first  few  passes. 

After  repeating  the  passes  of  the  magnet  in  every  direction, 
carefully  observing  that  no  part  of  the  mass  is  missed,  in  a  very 
few  minutes  all  the  iron  will  have  been  gathered  on  the  watch  glass 
ready  for  weighing.  The  results  thus  obtained  come  sufficiently 
close  to  those  obtained  by  chemical  test  to  serve  as  a  control  upon 
the  process  of  manufacture,  as  the  following  examples  will  show: 
The  following  tests  have  all  been  made  within  the  last  four  months: 

By  Chemical  By  Magnetic 

Analysis.    Per  Test.    Per 

Cent.  Iron.  Cent.  Iron. 

October,      1891 0.360  0.410 

1891 0.160  0.219 

December,  1891 0-387  0.501 

January,      1892      0.100  0.130 

1892 0.169  0.213 

1892 0.080  o.  107 

1892 0.199  0.224 

While  the  magnetic  test  is  invariably  too  high,  it  is  sufficiently 
close  to  control  the  work  of  the  black  mills.  The  adherence  of 
particles  of  carbon  to  the  iron  fully  explains  the  result. 

Regarding  the  chemical  determination  of  iron,  I  consider  a  pre- 
vious incineration  of  the  black  necessary,  because  there  is  a  possi- 
bility that  traces  of  organic  matter  left  in  the  fresh  black  maybe 
mistaken  for  iron  by  the  reduction  of  the  potassium  permanganate. 
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Upon  referring  to  his  notes  and  his  published  paper,  this  writer 
felt  very  sure  of  his  facts  and  results  upon  which  the  statements 
of  his  paper  were  based,  for  they  had  been  abundantly  verified 
by  subsequent  experience,  but  he  had  full  c6nfidence  in  this  part 
of  Dr.  Bierwirth's  work,  and  knew  not  how  to  account  for  the  dis- 
aepancy,  especially  as  Dr.  Bierwirth  had  used  Solution  of  Chlorin- 
ated Soda  that  was  known  to  be  fully  up  to  the  U.  S.  P.  standard. 
Investigation  was  at  once  begun  and  the  cause  of  the  difiSculty  was 
soon  found  at  a  point  least  suspected.     In  the  revision  of  the  U.  S. 
Pharmacopoeia  for  1880,  published  in  1882,  the  proportions  of  the 
ingredients  directed  for  making  the  Solution  of  Chlorinated  Soda 
had  been  changed,  and  no  notice  of  the  change  had  been  given 
because  the  strength  in  available  Chlorine  was  not  changed,  and 
available  Chlorine  was  supposed  to  be  the  only  standard  of  value 
in  the  preparation. 

The  Solution  was  admitted  to  the  U.  S.  P.  in  1840,  and  from 
that  time  until  1880  the  proportions  were  24  parts  of  Carbonate  of 
Sodium  to  12  parts  of  Chlorinated  Lime,  but  in  1880  they  were 
changed  to  25  parts  of  Carbonate  of  Sodium  to  20  parts  of  Chlori- 
nated Lime, — a  reduction  of  60  parts  of  the  sodium  salt  in  160. 
In  former  revisions  the  sodium  salt  had  been  in  large  excess  of 
what  theory  required,  and  this  excess  was  judged  to  be  useless 
and  was  left  out,  while  the  available  chlorine  remained  as  before. 
As  the  Committee  of  Revision  knew  of  no  other  use  for  the  Solu- 
tion than  that  of  a  disinfectant,  and  knew  of  no  disinfectant  effects 
from  the  excess  of  Carbonate  of  Sodium,  they  knew  of  no  change 
by  leaving  out  this  excess,  and  therefore  gave  no  notice  of  change. 
In  this  change  they  followed  the  German  Pharmacopoeia,  adopt- 
ing its  proportions.     In  the  judgment  of  the  writer  this  change 
was  a  mistake.     The  preparation  is  a  loose  combination  of  its  ele- 
ments, and  undergoes  internal  molecular  change  by  keeping,  but 
the  analogy  of  many  other  better  known  instances  in  which  an  ex- 
cess of  one  element  prevents  or  retards  change,  leads  to  the  proba- 
bility that  the  excess  here  is  important.    And,  it  is  not  improbable 
that  the  excess  plays  an  important  part  in  the  disinfectant  action. 

It  is  however  now  very  certain  that  while  the  Solution  of  1870 
and  revisions  previous  to  that,  having  the  excess,  will  decompose 
urea  completely,  the  Solution  of  1880,  not  having   the  excess. 
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First  of  all,  it  cannot  be  too  strongly  insisted  upon  that  these 
rapid  methods  which  are  based  on  the  decomposition  of  the  urea 
and  the  measurement  of  its  evolved  nitrogen  as  the  indication  of 
its  quantity,  afford  approximate  results  only.  There  are  several 
errors  incident  to  such  processes  in  ordinary  hands  which  are  prac- 


tically inevitable,  and  their  due  consideration  shows  conclusively 
that  the  general  range  of  error  can  hardly  be  less  than  o,  i  per  cent, 
above  or  below  the  truth,  and  should  not  be  greater  than  about 
O.I  per  cent.,  plus  or  minus.  That  is,  when  a  solution  of  pure 
urea  of  known  strength  is  tested,  the  range  of  admissible  error  will 
not  generally  be  less  than  0.2  per  cent.,  nor  greater  than  0.4  per 
cent,  when  i  cubic  centimeter  is  taken  for  assay,  and  about  half 
that  range  when  2  cubic  centimeters  are  taken, 

APPARATUS. 

The  improved  apparatus  now  offered  is  in  principle  and  general 
design,  the  same  as  the  old,  but  the  quantity  taken  for  the  estima- 
tion is  2  cc.  instead  of  4,  and  therefore  the  vials  are  reduced  to  half 
the  size  formerly  used.  This  is  done,  without  materially  increas- 
ing the  error,  by  having  a  much  smaller  and  more  accurate  capac- 
ity pipette,  and  by  making  this  take  the  place  of  the  urine  jar  by 
passing  through  the  stopper,  as  shown  in  the  cut.  Then  a  gradu- 
ated jar  receives  the  water  displaced  by  the  gas,  and  measures  it 
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directly  with  more  accuracy  and  convenience  than  the  graduated 
pipette. 

The  pasteboard  box  which  contains  the  apparatus  shown  in  the 
cnt  also  contains  a  bottle  of  good  chlorinated  lime  sufficient  in 
quanty  for  forty  testings.  This  bottle  is  dated  on  the  bottom,  so 
that  the  age  of  the  contents  may  be  known.  The  lid  of  the  box 
serves  as  a  support  for  the  bottle  B.  The  box  also  contains  a  card 
with  directions  for  the  use  of  the  apparatus.  Another  card  with 
directions  for  making  the  different  reagents,  and  a  third  card  with 
urea  table  for  interpreting  results. 

A  large  measure  for  taking  the  measure  of  daily  urine,  and  two 
ordinary  half-pint  bottles  for  mixing  the  reagent,  are  needed,  but 
not  included  with  the  apparatus. 

In  using  the  apparatus,  put  the  reagent  for  decomposing  the 
urea  into  bottle  A.  Then  measure  exactly  2  cc.  of  the  urine  in 
the  pipette.  To  do  this  properly,  first  dip  the  mouth  of  the  rubber 
bulb  into  water,  to  lubricate  it,  and  then  slip  it  over  the  npper 
end  of  the  pipette  nearly  as  far  it  will  go.  Compress  the  bulb 
upon  the  pipette  and  dip  the  lower  end  of  the  pipette  into  the 
urine.  Then  relaxing  the  compression  entirely,  the  bulb  will  ex- 
pand and  the  urine  will  rise  in  the  pipette  to  fill  or  nearly  fill  the 
body  of  it.  Then,  holding  the  body  firmly  between  the  left  thumb 
and  finger,  take  the  rubber  ring  at  the  mouth  of  the  bulb  with  the 
right  thumb  and  finger,  and  screw  the  bulb  upward  on  the  pipette 
until  the  urine  rises  to  the  mark, — the  lower  limb  of  the  meniscus 
to  lie  exactly  upon  the  mark — the  lower  point  of  the  pipette  being 
still  kept  immersed  in  the  urine.  Then  raise  the  point  out  of  the 
urine,  and  screw  the  bulb  a  little  higher  on  the  pipette  until  a  little 
air  is  drawn  in  at  the  point  below.  This  avoids  the  risk  of  loss  of 
urine  from  the  point  in  case  any  expansion  of  the  air  in  the  bulb 
should  force  the  urine  out  at  the  point.  It  is  essential  to  the  best 
management  of  this  step  not  to  attempt  the  adjustment  to  the 
mark  on  the  pipette  by  compression  of  the  rubber  bulb,  nor  by 
sliding  the  bulb  directly  up  and  down  on  the  tube,  but  by  screw- 
ing it  around,  touching  only  the  solid  rubber  ring  at  the  mouth  ol 
the  bulb.  To  recognize  the  importance  of  all  this  detail  for  accu- 
racy in  measuring,  it  is  only  necessary  to  mention  that  some  de- 
gree of  error  is  inevitable  under  even  the  best  practicable  manage- 
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ment,  and  that  this  error  is  multiplied  from  500  to  600  times  in 
applying  the  results  of  the  assay  to  the  total  urine  of  twenty-four 
hoars.  And  in  processes  where  only  i  cc.  of  urine  is  taken  for 
assay,  the  same  error  is  multiplied  from  1000  to  1200  times.  The 
pipette,  when  thus  carefully  charged,  is  pushed  through  the  vacant 
hole  in  the  rubber  stopper  for  bottle  A,  which  stopper  has  just 
been  dipped  in  water.  This  pushing  through  the  wet  stopper 
wipes  off  the  urine  from  the  outside  of  the  pipette.  The  stopper 
thns  prepared  is  then  put  into  its  place  in  bottle  A,  One  end  of 
the  long  piece  of  rubber  tubing  C  is  then  dippsd  in  water  and 
slipped  over  the  bent  glass  tube  of  bottle  A,  and  from  this  it  need 
not  again  be  removed  in  subsequent  testings.  Next  fill  bottle  B 
fall  of  water  of  the  temperature  of  the  room,  and  then  having 
slipped  one  end  of  the  short  piece  of  rubber  tubing  D  over  the 
bent  glass  tube  of  the  rubber  stopper  of  B,  push  the  stopper  into 
its  place  in  the  bottle,  allowing  the  displaced  water  to  escape 
through  the  tubes.  Then  holding  bottle  B  in  the  right  hand  with 
the  forefinger  over  the  end  of  the  straight  glass  tube,  incline  the 
bottle  toward  the  bent  glass  tube  until  that  and  the  rubber  tube 
upon  it  fill  with  water.  When  filled,  stop  the  flow  of  water  from 
the  rubber  tube  D  by  closing  the  straight  glass  tube  with  the  fore- 
finger, and  with  the  left  hand  put  the  little  glass  stopper  E  into 
the  free  end  of  the  rubber  tube  D  while  this  tube  is  full  of  water. 
Then  lay  bottle  B,  thus  charged,  on  its  side,  upon  a  support  /%  as 
shown  in  the  cut,  and  slip  the  free  end  of  the  long  rubber  tube  C, 
from  bottle  A,  over  the  end  of  the  straight  glass  tube  of  the  stop- 
per of  bottle  B^  thus  connecting  A  and  B,  Next  remove  the  lit- 
tle stopper  E  from  the  end  of  the  short  rubber  tube  Z>,  when  a  few 
drops  of  water  will  escape,  and  a  few  bubbles  of  air  will  enter  B 
from  A.  But,  if  the  apparatus  be  tight  and  be  at  the  room  tem- 
perature, no  more  water  will  run  out  nor  will  any  air  enter.  Next, 
the  measuring  jar  G  is  put  under  the  short  rubber  tube,  and  this 
tube  is  lengthened  or  shortened  by  slipping  it  down  or  up  upon 
the  glass  tube,  until  the  end  just  clears  the  bottom  of  the  gradu- 
ated measuring  jar ;  and  now  the  apparatus  is  ready  for  the  process. 

THE  PROCESS. 

Taking  bottle  A  in  the  right  hand  compress  the  rubber  bulb 
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tetween  the  left  thumb  and  fingers  until  the  entire  contents  of  tti 
>ipette  are  forced  into  bottle  A  with  the  reagent,  and  see  that  tl; 
ast  drop  be  forced  in.  Then  still  holding  the  bulb  compresse< 
hake  the  lower  part  of  the  bottle  A  from  side  to  side,  and  ni 
ip  and  down,  for,  beyond  an  accidental  drop  or  two  no  liqni 
hould  get  into  the  long  rubber  tube  C  to  be  carried  over  by  tl 
■urrent'of  gas  into  bottle  B.  The  reaction  begins  promptly,  at 
vhile  the  gas  is  actively  passing  over  into  bottle  By  the  compre 
ion  of  the  rubber  bulb  of  the  pipette  is  to  be  gradually  relaxe< 
ind  the  thumb  and  finger  which  compressed  it  are  lowered  to  ho 
he  lip  of  the  bottle  A.  This  part  of  the  bottle  is  now  kept  fair 
steady,  while  the  lower  part  is  pretty  actively  shaken  from  side 
ide,  and  this  shaking  is  to  be  continued  as  long  as  any  bubbl 
>f  gas  come  over  into  bottle  B.  But  if  the  shaking  has  to  be  co 
:inued  longer  than  about  ten  minutes,  the  warmth  of  the  hani 
vill  so  warm  the  bottle  A  as  to  expand  the  air  inside,  and  cause 
low  passing  over  of  small  bubbles.  In  cases  of  slow  or  indefini 
nd  reaction,  where  ten  or  twenty  minutes  of  shaking  is  requir 
o  make  sure  of  the  result,  it  is  much  better  to  have  recourse  to 
vann  bath  for  the  bottle  A.  A  bowl  of  hand-warm  water,  n 
ibove  4o''C.^io4''F.,  or  thereabout,  is  to  be  used,  and  the  bott 
4  being  immersed  in  this,  is  occasionally  taken  out  and  shake 
intil  warmed  up  to  the  point  where  no  more  gas  passes  ovt 
This  will  shorten  to  six  or  eight  minutes  a  process  which  wou 
)therwise  go  on,  by  slow  end  reaction,  for  half  an  hou 
iVhether  the  warm  bath  be  used  or  not,  the  next  step  of  the  pr 
«ss,  after  bubbles  have  practically  ceased  to  go  over,  is  to  immer 
jottle  ^  in  a  bath  of  water  at  the  room  temperature  for  four  mi 
ites.  A  vessel  of  water  sitting  upon  a  table  in  an  ordinary  rooi 
will,  in  five  or  six  hours  take  and  maintain  a  temperature  of  fro 
["  to  2''C.  below  the  room  temperature,  and  such  a  bath  in  whii 
jottle  A  may  be  entirely  immersed,  must  be  provided  for  tli 
step.  When  bottle  -4  is  so  immersed,  water  from  B  will  pa 
reely  through  tube  C  into  A  and  be  replaced  in  B  by  water  drav 
jack  from  the  measuring  jar  through  tube  D,  and  when  the 
.emperatures  and  pressures  are  practically  balanced  so  that  the 
s  no  longer  any  perceptible  change  of  level  in  the  measuring  ja 
he  process  is  finished.     This  step  requires  about  4  minutes'  it 
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mersion.  The  bottles  and  tubes  are  now  lifted  out  and  set  aside, 
and  the  quantity  of  water  in  the  measuring  jar  is  carefully  read 
off  to  one-half  cubic  centimeter. 

EXPLANATION  OF  TABLE  OF  APPROXIMATE  RESULTS. 

Each  cc.  of  the  water  in  the  measuring  jar  represents  a  cc.  of 
the  nitrogen  gas  evolved  by  the  decomposition  of  the  urea  in  the 
urine,  and  each  cc.  of  the  gas  represents  0.0027  gm.  of  urea  when 
the  cc.  of  gas  is  measured  at  o^  C.  and  760  mm.  barometric  pres- 
sure. The  pressure  may  be  disregarded  in  this  process,  but  the 
expansion  by  temperature  may  not,  although  it  was  disregarded 
in  the  former  paper  and  table.  By  the  law  of  Dalton  and  Gay- 
Lussac  gases  expand  ^  of  their  volume  at  0°  C.  for  every  1°  C, 
and  as  the  measurement  for  this  process  may  be  assumed  to  be  at 
about  18°  C.=64.4^  F.,  that  temperature  is  adopted  here.  Thus 
^  of  its  volume  for  each  degree  multiplied  by  18°  C.  is  equal  to 
0.065934,  and  therefore  i  cc.  of  the  gas  measured  at  o^  C.  measures 
at  18°  C.  1.065934  cc.,  and  this  it  is  that  is  equal  to  0.0027  g°^- 
(.002688  gm.  more  exactly)  of  urea.  Therefore  from  each  cc.  of 
water  as  read  oflF  from  the  measuring  jar,  0.065934  cc.  must  be 
subtracted  as  a  correction  for  temperature  expansion.  That  is, 
the  reading  off  is  too  high  by  this  fraction  from  each  cc,  and  for 
example  15  cc.  as  read  off  must  be  corrected  by  (0.0659X15=) 
0.9885  cc.,  or  practically  0.99  cc.,  and  the  true  measure  becomes 
(15 — 0.99=)  14.01  cc,  or  practically  14  cc  This  correction  is 
applied  throughout  in  constructing  the  following  Urea  Table,  and 
thus  a  nearer  approach  to  accuracy  is  attained,  while  the  trouble- 
some calculations  are  avoided. 

Again,  as  each  cc.  of  water  displaced  is  equal  to  a  cc.  of  nitrogen 
gas  which  displaced  it,  and  this,  when  corrected  for  temperature 
represents  0.0027  gm.  of  urea,  the  number  of  cc.  of  water  repre- 
sents the  number  of  times  0.0027  gm.  of  urea  is  contained  in  the 
2  cc.  of  urine  taken  for  the  assay.  But  to  obtain  a  percentage  of 
urea  it  is  a  little  easier  to  take  the  results  from  i  cc.  of  urine  and 
therefore  the  number  of  cc.  of  displaced  water  is  divided  by  2. 
Then  the  number  so  obtained  multiplied  by  0.0027  gives  the  per- 
centage of  urea  in  the  urine.  For  example,  suppose  the  displaced 
water  from  2  cc.  of  urine  taken  be,  after  correction  for  temperature, 
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these  data  are  the  bases  for  the  calculations  of  the  third  and  fourth 
columns. 

The  fifth  column  gives  in  gms.  the  quantity  of  urea  in  473  cc. 
=1  pint  of  urine  corresponding  to  each  percentage  result ;  and 
the  sixth  column  gives  in  grains  the  quantity  of  urea  in  i  pint  of 
16  fluidounces  of  urine,  corresponding  to  each  percentage  result. 

The  seventh  and  eighth  columns  may  not  be  useless  for  casual 
inspection.  It  has  been  estimated  that  the  average  normal  excre- 
tion of  urine  in  adults  for  each  24  hours  is  not  far  from  1 181  cc, 
which  is  equal  to  2.5  pints  or  40  fluidounces,  and  the  variation 
from  this,  above  or  below,  is  chiefly  water.  If,  therefore,  the  ex- 
cretion for  24  hours  should  be  evaporated  down  to  this  quantity  if 
above  it,  or  be  made  up  to  it  with  water  if  below,  and  be  then  as- 
sayed for  the  proportion  of  urea,  the  results  would  be  all  that  could 
be  desired.  Taking  then  1181  cc.  or  40  fluidounces.,  as  an  as- 
sumed standard,  the  seventh  column  gives  in  grams,  and  the 
eighth  column  gives  in  grains,  the  quantity  of  urea  corresponding 
to  each  percentage  that  would  be  excreted  in  24  hours.  The  es- 
timated average  normal  amount  may  be  30  gms.  equal  to  462.96 
grains,  but  **  A  range  of  from  20  to  40  gms.  (308.6  to  617.2  grains) 
must  at  least  be  admitted  in  adults."  (Tyson,  edition  of  1891.) 
It  will  therefore  be  seen  that  while  the  average  normal  excretion 
may  be  about  20  per  cent.  =  30.5  gms.  =471.2  grains,  the  range 
is  a  very  wide  one  extending  from  13  per  cent,  to  27  per  cent,  ac- 
cording to  Tyson.  This  leaves  only  about  one-third  of  the  table 
below  the  lower  limit  of  normal  health,  and  the  ninth  column 
gives  a  probable  indication  of  the  limits  consistent  with  ordinary 
health  in  adults. 

It  is  hardly  necessary  to  say  that  the  table  is  one  of  approxima- 
tive equivalents,  and  is  read  in  horizontal  lines. 

One  point  should  be  always  borne  in  mind  in  direct  relation  to 
any  urea  table,  and  that  is,  that  all  good  authorities  insist  upon  its 
being  little  more  than  a  waste  of  time  and  labor  to  assay  the  urine 
of  any  particular  hour  of  the  day  or  night,  and  that  unless  a  speci- 
men of  the  total  excretion  of  24  hours  can  be  had,  the  results  are 
misleading  and  may  be  dangerously  misleading.  And  farther  that 
for  the  best  results,  and  those  which  are  most  trustworthy,  the 
assays  of  several  successive  days  should  be  taken. 


226 


ESTIMATION    OF   UREA    IN    URINE. 


Table  of  Approximate  Proportions  of  Urea  in  Urine,  for  Clinical  Use. 
One  cubic  centimeter  ofnitrogen  gas  ato°C.  =31°  F.equalto  0.0027  g^. of  ure 
Assumed  room  temperature  for  measurements  18°  C.  =64.4°  F. 
Rate  of  expansion  0.003663  times  the  volume  for  each  1°  C,     Coirectioti  a] 

plied  for  18°  C.  -^32.4°  F.  is  (0.003663  X  18— )  0.0659  subtracted  for  eac 

I  cc.  as  rea<^  off  from  the  measuring  jar,  and  the  percentage  Is  calCDiatc 

from  the  corrected  reading. 
Thirty  cubic  centimeters  is  assumed  as  equal  to  one  fluidounce,  but  in  coi 

verting  any  considerable  quantities  from  one  measure  to  the  other  19.; 

cc.  should  be  taken  as  i  fluidounce. 
In  converting  measures  to  weights,  and  in  using  measures  and  veights  ti 

gether.  an  assumed  specific  gravity  for  abnormal  urine  is  taken  ;  namet 

i.ojs  at  35°  C.  =77°  F.  and  30  cc,  of  urine  of  such  sp,  gr,  weighs  30.; 

gms.,  and  i  fluidounce  weighs  469.4  grains. 
Four  hundred  and  seventy-three  cubic  centimeters  is  assumed  as  equal 

one  pint  of  sixteen  fluidounces,  and  when  these  measures  are  used  f< 

urine  they  are  assumed  as  weighing  (1.025X  473=)  484-83  gras.,—ai 

(467-4  X  16=)  747H.4  grains,  respectively. 
The  seventh  and  eic;hlh  columns  must  not  be  taken  as  having  any  delini 

relation  to,  or  bearing  upon  the  assay,  excepting  when   the   total   . 

hours'  excretion  amounts  to  just  ttSi  cc.  or  40  fluidounces  or  very  ne: 

to   this   measure,   as   the   circulations   are   based   upon   this  arbitraJ 

quantity. 
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REAGENTS. 

The  reagents  for  the  estimation  of  urea  by  measuring  the  nitro- 
gen which  results  from  its  decomposition,  are,  thus  far,  only  two 
in  number, — the  hypochlorites  and  the  hypobromites.  These  are 
chemicals  whose  nature  is  not  very  well  understood  and  they  are 
characterized  by  the  condition  that  their  elements  are  so  loosely 
combined  as  to  be,  under  all  ordinary  circumstances,  in  a  state  of 
continuous  molecular  change.  That  is,  they  are  unstable  combi- 
nations of  their  elements,  and  upon  this  quality  their  utility  in 
this  process  seems  to  depend.     But  they  are  not  equally  unstable. 

The  hypochlorites  are  more  stable,  or  change  more  slowly  than 
the  hypobromites,  and  therefore  in  this  reaction  for  decomposing 
urea  it  is  not  necessary  that  they  should  be  freshly  made  for  each 
2issay,  or  group  of  assays.  But  this  characteristic  which  gives 
them  this  advantage  involves  the  disadvantage  that  those  of  them 
which  keep  best  are  slowest  in  reaction  with  the  urea,  and  give  the 
longest  and  least  definite  end  reaction.  Both  reagents  with  proper 
management  decompose  all  the  urea  with  evolution  of  all  its  ni- 
trogen, and  the  quantity  of  urea  decomposed  is  determined  by  the 
quantity  of  nitrogen  evolved.  Therefore,  the  object  is  so  to  man- 
age the  reagents  as  to  decompose  all  the  urea  present,  and  to  meas- 
ure the  nitrogen  gas  set  free ;  and  now  the  different  management 
for  the  different  ways  in  which  the  reagents  are  used,  is  to  be  con- 
sidered. 

USE  OF  THE   HYPOCHLORITES. 

One  of  the  chief  advantages  that  induced  the  writer  to  offer  this 
apparatus  and  process  in  its  original  paper  of  1884,  was  the  facility 
given  for  its  use  by  the  easy  access,  almost  everywhere,  to  the  so- 
lution of  chlorinated  soda  of  the  U.  S.  Pharmacopoeia  of  1870. 
This  solution  is  essentially  a  solution  of  sodium  hypochlorite  and 
of  sodium  carbonate,  bicarbonate  and  chloride,  containing  not  less 
than  2  per  cent,  of  available  chlorine,  and  the  change  which  it 
undergoes  by  keeping  seems  to  be  the  slow  conversion  of  the  so- 
dium hypochlorite  into  sodium  chloride,  wherein  the  chlorine  is 
no  longer  available,  and  into  free  oxygen.  This  change  is,  how- 
ever, so  slow  that  bottles  of  it  put  up  over  25  years  ago  with  2  per 
cent,  of  available  chlorine,  are  in  the  writer's  possession  containing 
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and  process  also,  of  1870,  for  the  Pharmacopceia  of  1890.  Whether 
the  Committee  does  or  does  not  return  to  it,  the  writer  will  return 
to  it  in  his  own  practice,  and  will  send  out  no  other  than  the  1870 
solution.  But  as  this  solution  will  not  be  generally  accessible 
while  the  1880  solution  will  be,  and  as  the  1880  solution  will 
probably  be  continued  in  1890,  it  is  worth  while  to  offet  a  formula 
and  process  for  the  extemporary  preparation  of  the  1870  solution 
by  which  any  physician,  pharmacist  or  nurse  can,  in  about  three 
hours,  make  about  330  cc.  or  1 1  fluidounces  of  the  solution  that 
will  keep  in  good  condition  for  a  year. 

BXTEMPORANEOUS  SOI.UTION  OP  CHLORINATED  SODA. 

* 

Take  of  good  Chlorinated  Lime  (**Chloride  of  Lime**)  24  grams. 

Sodium  Carbonate  (**common  Washing  Soda")  48  ** 
Water,  a  sufficient  quantity. 

Shake  the  lime  salt  very  thoroughly  with  200  cc.  of  water  and 
pour  the  thinner  portion  of  the  mixture  upon  a  wetted  paper  filter, 
receiving  the  filtrate  in  a  500  cc.  bottle.  Shake  the  residue  of  the 
lime  salt  with  75  cc.  more  of  water,  and  when  the  first  portion  is 
nearly  drained  through  the  filter,  pour  on  the  whole  of  the  second 
portion.  When  this  has  drained  through,  the  clear  filtrate  should 
measure  about  265  cc.,  and  if  the  filter  be  a  good  one  the  time  re- 
quired will  be  about  2  hours.  Dissolve  the  Sodium  Carbonate  in 
90  cc.  of  hot  water  by  agitation,  pour  the  Solution  into  the  bottle 
with  the  filtrate,  shake  well  and  filter.  The  filtrate  should  meas- 
ure about  330  to  335  cc. 

This  extemporaneous  solution  of  chlorinated  soda  is  substan- 
tially that  of  the  U.  S.  P.  of  1870,  and  answers  very  well  for  this 
urea  process,  and  when  made  from  ordinarily  good  chlorinated 
lime  or  "Bleaching  Powder,**  10  cc.  of  the  solution  is  quite  suffi- 
cient fi)r  the  reaction",  and  is  better  than  a  larger  quantity.  But  if 
the  lime  salt  be  old  and  poor,  or  the.  solution  be  old,  15  cc.  is  a 
better  quantity  with  which  to  charge  bottle  A;  with  this  reagent 
a  warm  bath  will  shorten  the  process. 

SOI.UTIONS  OF   PURE  UREA. 

For  trials  with  the  various  forms  of  these  reagents  in  this  appa- 
ratus and  process,  pure  urea,  well  crystalized,  was  taken  and  its 
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pains  being  taken  to  get  some  of  them  from  pharmacies  of  small 
business,  where  they  would  be  likely  to  be  oldest.  All  excepting 
No.  10  were  put  in  either  metal  or  pasteboard  cylinders,  well 
closed,  containing  one  pound  or  half  a  pound  each,  and  the  cost, 
retail,  was  15  to  20  cents  per  pound.  All  were  put  up  by  two 
dealers,  but  one  of  them  sold  two  brands.  The  first  4  were  put 
up  by  one  party  and  the  remainder  by  the  other.  One  other 
brand,  only,  is  known  in  this  market,  but  it  was  not  met  with  in 
buying  the  samples. 

No.  3  contains  26.3%  of  available  chlorine.      Put  up  in  metal        cylinder. 

CI  CI 

pasteboard      ** 
metal  ** 
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II 
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Two  grams  from  each  of  the  five  samples  were  successively  put 
into  bottle  A,  well  shaken  in  the  bottle  with  10  cc.  of  water,  and 
then  used  for  the  process  with  the  2  per  cent,  urea  solution,  but 
the  results  were  only  1.72,  1.64,  1.51,  1.39  and  1.30  per  cent., 
showing  conclusively  that  the  mixture  without  filtration  would  not 
answer  for  the  process,  although  there  is  no  known  reason  why  it 
should  not  when  the  filtered  solution  answers  well.  Then  from 
each  of  these  ten  samples  20  grams  was  weighed  off  and  well 
shaken  with  60  cc.  of  water  in  a  measuring  jar,  and  the  mixture 
poured  upon  a  paper  filter  in  a  fiinnel  in  a  bottle  marked  at  100 
cc.  When  drained  the  residue  was  washed  on  the  filter  until  the 
filtrate  measured  100  cc,  and  these  solutions  of  chlorinated  lime 
were  kept  for  the  process,  each  10  cc.  representing  about  2  grams 
of  each  of  the  samples.  Two  assays  were  made  with  each  solution, 
the  first  with  10  cc.  representing  2  grams  of  the  sample,  and  the 
second  with  15  cc.  representing  3  grams  of  the  chlorinated  lime  of 
each  sample. 

The  results  were  as  follows,  a  2  per  cent,  solution  of  pure  urea 
being  used. 
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the  bottle  causes  slow  expansion  of  the  gases  and  air  in  the  bottle 
A.  About  four  assays  can  be  made  in  an  hour,  but  about  20  min- 
utes of  this  time  is  taken  in  cooling  bottle  A  four  times  to  room 
temperature  in  the  bath. 

These  solutions  of  chlorinated  lime  made  as  described  above, 
may  be  taken  as  the  first  step  in  making  the  extemporaneous  so- 
lutions of  chlorinated  soda,  also  previously  described.     If  it  was 
known  that  the  solutions  of  chlorinated  lime  would  keep  well,  and 
if  they  were  accessible  without  the  trouble  of  being  made,  solutions 
of  chlorinated  soda  would  be  entirely  unnecessary.     But  how  long 
the  lime  solutions  will  keep  is  not  known,  but  the  great  probabil- 
ity is  that  they  deteriorate  pretty  rapidly,  and  are  not  trustworthy 
after  a  month's  keeping.     The  soda  solutions,  however,  keep  very 
well  for  many  months,  and  if  they  were  accessible  as  they  formerly 
were,  the  lime  solutions  would  be  entirely  unnecessary.     As  it  is, 
the  lime  solutions  may  be  made  as  above  directed,  and  be  used  for 
a  short  time  most  conveniently,  and  then  what  is  left  of  such  solu- 
tions can  be  converted  into  soda  solutions  very  easily,  as  follows  : 
For  every  gram  of  chlorinated  lime  or  5  cc.  of  the  lime  solution 
take  2  grams  of  sodium  carbonate,  and  dissolve  this  in  8  cc.  of  hot 
water  by  shaking  in  a  bottle  of  double  the  capacity.     To  this  so- 
lution add  the  lime  solution,  and  shake  the  two  well  together.     If 
the  mixture  gelatinizes  at  first  set  the  bottle  in  warm  water  until 
't  liquifies,  and  then  having  shaken  well,  pour  the  whole  upon  a 
P^per  filter.    The  filtrate  will  then  be  the  extemporaneous  solution 
<^f  chlorinated  soda  of  the  U.  S.  P.  of  1870,  which  will  be  efiFective 
Ml  ttxe  process,  and  will  keep  well  for  months,  or  even  for  a  year  or 
more.    Such  solutions  of  chlorinated  soda,  made  from  the  solution 
of  chlorinated  lime  of  the  last  series  of  trials,  were  used  in  the  fol- 
lowing series.     But  for  a  comparison  of  results  the  assays  No.  i 
are  made  from  a  chlorinated  soda  solution  of  the  U.  S.  P.  of  1870, 
that  is  now  about  i  month  old. 

No.  I.  From  chlorinated  lime  of  jSjt  available  chlorine,  10  cc.  gave  2.14^  from  a  2^  solution. 
"    I.  "  '•       38  '*  "        15       "        2.0S         "      2 

•*    2.  "  "       26.3       '•  "         10       "        2.14         "      2 

"    2.  "  ••       26.3       "  *'        15       *•        2.08         "      2 

"    3.  "  "       18,2    .  '*  "         10       "        2,02         "      2 

"    3.  "  "       18.2       ••  ••         15       "        2.08         "      2 

These  trials  show  that  the  range  of  strength  in  the  chlorinated 
lime  from  which  the  chlorinated  soda  is  made,  does  not  affect  the 
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at  15.6°  C=6o°  F.  This  solutio 
per  in  place,  and  soons  destroys  c 
ties  with  rubber  stoppers. 

BKOB 

Bromine  is  found  in  the  market 
pered  vials,  and  these  are  usually 
sold  as  one  ounce  each.  The  sto 
tied  over  with  putty  under  the  co 
in  paper  and  packed  in  whiting  o 
be  not  good,  or  not  well  put  in,  t 

they  are  generally  difficult  to  get  out.  But  with  careful  warmtt 
in  the  flame  of  a  spirit  lamp,  the  fingers,  or  a  stopper  wrench  w 
turn  them.  In  the  course  of  these  experiments,  extending  ov 
two  months,  eleven  of  these  bottles  have  been  used  without  los 
though  not  without  difficulty  in  opening — and  only  one  found  in 
leaky  condition.  The  bromine  in  these  weighed  and  measured 
follows : 
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No.    I  contained  32.8  gms.,  which  measured  about  11     cc. 


*'  2  "  25.9 

"  3  *•  28.7 

"  4  "  15.7 

"  5  ••  29.0 

"6      .   "  29.6 

"  7  "  29.9 

"  8  ••  24.7 

"  9  "  29.1            '* 

"  10  "  24.3 


8.5 

9.5 

5-5 

leaky. 

"            10.0 

*'            T0.3 

"            10.3 

8.3 

"                lO.O 

8.3 

**            10.4 

One  ounce  avoirdupois  is  equal  to  28.35  grams,  so  the  average 
is  a  little  short.  A  cc.  of  bromine  at  room  temperature  weighs 
about  2.942  grams. 

THE  REAGENT  FOR  USE. 

Authorities  advise  that  to  the  above  solution  of  caustic  soda, 
measuring  284  cc.,  25  cc.  of  bromine  be  added,making  309  cc.,  and 
that  the  mixture  be  gently  agitated  until  the  bromine  is  dissolved. 
Then  each  cc.  of  this  solution  will  contain  about  9.354  grams  of 
soda,  and  about  0.08  cc.  of  bromine,  equal  to  about  0.235  gram 
of  bromine.  The  ordinary  direction  for  preparing  the  solution  in 
small  quantities  is  to  take  10  cc.  of  the  soda  solution,  and  add  i  cc. 
of  bromine  to  this,  agitating  gently  till  the  bromine  is  dissolved. 
Then  this  quantity  is  all  used  for  one  assay,  although  greatly  in 
excess,  and  it  does  not  give  as  good  results  as  smaller  quantities. 

This  solution  it  is  which  does  not  keep  well  and  therefore,  has 
to  be  freshly  made,  but  how  long  it  will  retain  its  eflBciency  for 
this  reaction  has  not  hitherto  been  determined.  To  test  this  point 
approximately  it  was  found  that  1.5  cc.  of  the  freshly  made  solu- 
tion was  the  smallest  quantity  that  would  completely  decompose  2 
cc  of  a  2.5  per  cent,  solution  of  pure  urea.  Two  days  later,  3  cc. 
of  the  solution  was  the  smallest  quantity  that  would  effect  the 
same  decomposition.  Three  days  after  the  last  result,  4  cc.  was 
required  to  do  the  same  work.  Seven  days  later,  5.5  cc.  was  re- 
quired. Four  days  later,  7  cc.  was  required.  Twelve  days  later, 
8.50c.  was  required.  Nineteen  days  later,  13  cc.  was  required. 
Thus,  after  keeping  for  47  days,  more  than  eight  times  the  quan- 
tity was  required,  indicating  a  rate  of  change  that  is  not  far  from 
0.24  cc.  a  day.  But  the  quantities  recommended  to  be  taken  for  the 
assays  are  so  greatly  in  excess  of  what  is  required,  that  if  the  re- 
commendations be  adhered  to,  the  solution  may  be  said  to  be 
effective  for  a  longer  time  than  30  days.     But  it  will  be  shown 
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could  not  be  ascertained,  and  the  discrepancy  must  be  charged  to 
the  imperfection  of  the  apparatus. 

THE  REAGENT  AS  IMPROVED   BY  DR.  RICE. 

The  time  and  trouble  of  preparing  this  solution  frequently,  and 
the  risk  of  having  it  ineflfective  if  kept,  are  very  much  lessened  by 
a  device  suggested  to  the  writer  by  Dr.  Charles  Rice,  Chairman  of 
the  Committee H>f  Final  Revision  of  the  U.  S.  Pharmacopoeia.  Dr. 
Rice  dissolves  the  bromine  in  a  solution  of  potassium  bromide,  and 
thus  avoids  the  frequent  handling  of  undiluted  bromine.  He  uses 
the  proportions  of  1 25  gms.  each  of  potassium  bromide  and  bro- 
mine dissolved  in  water  and  made  up  to  i  liter  or  1,000  cc.  with 
water,  and  advises  equal  volumes  of  this  and  the  soda  solution  to 
be  mixed  for  use  near  the  time  of  making  the  assays.  This  writer 
assumes,  for  theoretical  reasons,  to  improve  the  formula  by  substi- 
tuting sodium  bromide  for  the  potassium  salt,  and  finds  it  answers 
the  purpose  a  little  better.  Dr.  Rice's  procedure  would  then  be 
as  follows : 

Take  the  contents  of  an  ounce  vial  of  bromine,  whatever  weight 
it  might  yield,  say  for  example,  28.35  grams  or  an  avoirdupois 
ounce,  and  an  equal  weight  of  sodium  bromide.  Having  poured 
the  bromine  into  a  tared  bottle  of  500  cc.  capacity,  and  taken  the 
weight  of  bromine,  add  an  equal  weight  of  sodium  bromide,  and 
100  cc,  of  water  and  agitate  the  mixture  until  ihe  bromine  is  dis- 
solved. Then  add  water  until  the  solution  measures  as  many  cc. 
as  eight  times  the  number  of  grams  of  bromine  taken.  That  is, 
if  the  bromine  weighed  28.35  gms.  the  finished  solution  should 
measure  (28.35X8=)  226.8  cc.  Then  equal  volumes  of  this  solu- 
tion and  the  soda  solution  are  mixed  for  the  assay.  This  solution 
of  bromine  keeps  indefinitely,  so  far  as  known,  and  is  conveniently 
handled.  It  should  be  kept  in  bottles  with  glass  or  rubber  stop- 
pers. It  contains  0.125  grams  of  bromine  in  each  cc.,  and  when 
mixed  with  an  equal  volume  of  the  soda  solution,  the  mixture  will 
contain  0.0625  gm.  of  bromine  in  each  cc.  It  is  therefore  but  lit- 
tle more  than  one- fourth  the  bromine  strength  of  the  reagent  as 
generally  recommended  for  this  use  (0.0625  against  0.235  gra.  in 
each  cc.),yet  for  this  reaction  5  cc.  of  it  are  equal  to  4  cc.  of  the 
stronger  solution,  as  is  shown  by  the  following  trials.  Each  trial 
was  made  first  with  a-  solution  in  which  potassium  bromide  was 
used  as  the  solvent,  and  then  with  one  in  which  sodium  bromide 
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was  used,  but  as  there  was  no  practical  dffereDce  in  the  results  onl; 
those  with  the  sodium  bromide  are  given.  In  each  trial  the  sod 
solution  and  bromine  solution  were  mixed  in  equal  measures,- ati< 
made  up  to  10  cc,  with  water,  excepting  the  last  one,  where  5. 
cc.  of  each  had  10  cc.  of  water  added. 

In  No.  1  tbe  3  cc.  of  34  ■olntloD  of  una  with  icc.  ofeach  »IuIlon  save  o.SSf.      Pallni 
-       1         ■•  '■  ■■  ■'  I.S       ■■  •■  1.01 

"       3   ■      "  "  >-o  '"  '-57 

::   i    :.      :,       ::       :.     g-  ,:  ::     js 

In  attempting  to  check  some  of  the  more  important  results  ( 
this  paper  by  the  use  of  the  nitrometer  as  a  more  accurate  instrv 
ment,  it  was  found  that  the  solutions  of  chlorinated  soda  were  di 
ficult  to  use  with  success  because  difficult  to  shake  well,  but  tt 
results  obtained  by  the  use  of  the  other  reagents  were  fairly  coi 
firmed  by  the  use  of  the  nitrometer.  Even  the  short  results  ol 
tained  from  the  extemporaneous  solution  of  i  cc.  of  bromine,  1 
cc.  of  soda  solution  and  10  cc.  of  water  for  i  cc.  of  2  per  cent,  un 
solution. — that  is,  from  the  great  excess  of  reagent. — were  coi 
firmed  by  the  nitrometer,  the  results  in  two  trials  by  nitrometi 
being  1.89  per  cent. 

ILLCSTRATION. 

It  now  only  remains  to  give  an  example  of  the  application  1 
the  method  to  urine. 

An  adult  male,  in  ordinary  health,  excreted  in  24  hours  i6f 
cc.  or  57  fiuidounces  of  urine.  This  urine  was  almost  odorless, 
good  color,  transparent  and  bright,  and  five  from  sediment  wht 
cold,  of  acid  reaction  to  test  paper,  free  from  albumen  when  testi 
by  heat  and  nitric  acid,  separately  and  together,  and  having 
specific  gravity  of  1.016  at  25°  C.  ^=  77°  F.  Assayed  for  ur 
with  solution  of  chlorinated  soda  of  the  U.  S.  P.  of  1870, — fit 
with  15  cc.  and  then  with  20  cc,  it  gave  11. 5  cc.  of  displace 
water  in  each  trial.  Referring  this  result  to  the  first  column 
the  Urea  Table,  it  is  found  that  there  is  no  reading  for  half  cub 
centimeters,  but  only  for  11  cc.  and  12  cc.,  and  therefore  that  tl 
difference  between  1.39  per  cent,  and  1.51  per  cent.  =^o.ia  p 
cent,  has  to  be  taken  and  to  be  divided  by  2  for  the  half  cut 
centimeter,  and  this  0.06  per  cent,  has  to  be  added  to  the  1.39  p 
cent.,  making  the  percentage  for  1 1.5  cc.  1.45.  And  this  proce 
of  interpolation  for  the  half  cubic  centimeter  has  to  be  applied 
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any  other  columns  of  the  table  that  are  required.     The  observer 
may  use  either  grams  or  grains,  or  both,  in  interpreting  his  re- 
sults, but  only  one  is  needed  here  to  make  the  illustration  under- 
stood.   The  57  fluidounces  of  urine  is  40  fluidounces  from  the 
seventh  and  eighth  columns,  plus  16  fluidounces  from  the  fifth 
and  sixth  columns,  plus  i  fluidounce  from  the  third  and  fourth 
columns  (40+16+1=57),  and  the  figures  obtained  by  the  inter- 
polation of  the  **In  grains*'  columns  are  for  40  fluidounces,  271.20 
grains, — for  16  fluidounces,  108.48  grains, — and  for  i  fluidounce, 
6.78  grains,  and  these  added  together  give  386.46  grains  as  the 
total  excretion  of  urea  for  the  57  fluidounces  of  urine  in  24  hours.* 
On  the  day  following,  under  similar  conditions  of  diet  and  ex- 
ercise, the  same  person  excreted  only  32  fluidounces  of  urine  in 
the  24  hours.     The  first  day  had  been  clear,  sharp  and  cold, 
with  high  barometer,  and  therefore  the  cutaneous  transpiration 
bad  been  low  and  the  kidneys  had  to  excrete  the  more  water. 
The  second  day  was  warm  and  clear,  with  falling  barometer, 
and  with  winter  clothing  on,  the  cutaneous  transpiration  was 
free,  so  that  the  kidneys  had  less  to  do.     The  32  fluidounces 
of  urine  was  of  much  deeper  color  and  higher  specific  gravity 
(1.022),  but  in  all  other  respects  was  like  that  of  the  preceding 
day.    Assayed  for  urea  in  exactly  the  same  way  it  gave  18  cc.  of 
displaced  water,  indicating  2.27  per  cent,  of  urea.     Then  32  fluid- 
ounces  being  just  2  pints,  is  refered  to  column  6  ;  and,  the  figures 
in  grains  multiplied  by  2  give  339.52  grains  as  the  total  excretion 
of  urea  in  the  second  period  of  24  hours.    Then  386.46  and  339.52 
added  together  and  divided  by  2  give  362.99  grains  as  the  average 
excretion  of  urea  for  two  successive  days.     This  is  considerably 
below  the  assumed  normal,  but  not  inconsistent  with  good  health. 

CONCLUSIONS. 

The  conclusions  reached  by  the  work  done  in  this  paper  may  be 
usefully  summed  up  as  follows : 

First,  that  the  apparatus  recommended  is  a  convenient  one  for 
approximate  results,  and  is  fairly  trustworthy  within  a  total  range 
of  error  of  0.3  per  cent,  or^o.15  per  cent,  on  either  side  of  the 
truth;  and  that  it  does  not  require  expert  skill  to  attain  these 
results  by  its  use. 

Second,  that  the  apparatus  and  method  are  not  confined  to  any 
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Blair's  Water  Analysis.*— Whoever  Mr.  Blair  may  be,— and 
it  seems  strange  that  with  such  a  string  of  titles  we  should  not 
know  more  of  him, — ^he  is  either  not  an  educated  Englishman,  or 
an  exceedingly  careless  proof  reader,  as  witness  these  sentences : 
*'I  gratefully  acknowledge  not  only  these  suggestions  of  him*' 
(Preface).  **A  dilute  solution  of  ammonium  chloride  of  the 
strength  that  each  cc.  contains"  (p.  6).  **And  again  with  tap 
water  till  the  drippings  be  neutral  to  litmus  paper'*  (p.  7). 

The  author  seems  to  be  in  ignorance  of  the  fact  that  the  Kjel- 
dahl  method  had  already  been  used  for  the  analysis  of  potable 
waters  (see  preface).  It  has  always  seemed  to  the  writer  that  too 
much  valuable  time  has  been  given  to  finding  quick  methods  for 
determining  the  amount  of  organic  impurities  in  water, — ^results 
which  when  obtained  could  not  be  intelligently  interpreted  unless 
the  nature  of  the  water  was  already  known  by  other  tests, — best 
of  all,  by  the  test  of  actual  use.  What  is  wanted  is  a  method  for 
determining  what  organisms  are  contained  in  a  water ;  of  what 
nature  they  are,  and  how  many  are  contained  in  a  given  volume. 
Such  a  method  has  lately  been  perfected,  and  will  be  published  in 
this  Journal. 

Lindsay's  Qualitative  Analysis.f— This  new  edition  of  an 

old  and  well-known  text-book  needs  little  comment.  Indeed,*this 
is  true  of  almost  all  books  upon  qualitative  analysis,  as  the  subject 
admits  .of  very  little  variety  of  treatment.  The  metals  are  divided 
into  seven  groups :  ist,  those  precipitated  by  hydrochloric  acid ; 
2d,  those  precipitated  by  hydrogen  sulphid  in  acid  solution,  whose 
salphids  are  soluble  in  alkaline  solutions  ;  3d,  those  precipitated 
by  hydrogen  sulphid,  but  the  sulphids  insoluble  in  alkaline  solu- 
tions ;  4th,  those  precipitated  by  ammonia ;  5th,  those  precipitated 
by  ammonium  sulphid ;  6th,  those  precipitated  by  ammonium 
carbonate;  and  7th,  the  remaining  metals.     There  seems  to  be 

The  Organic  Analysis  of  Potable  Waters.  By  J.  A.  Blair,  M.B.,  C.  M.,  D.  Sc.  Edin. 
L.  R.  C.  P.  I<ond.    Second  edition.    Phila.    P.  Blakiston,  Son  &  Co.    1891. 

friie  Compendious  Mannal  of  Qualitative  Chemical  Analysis  of  C.  W.  Eliot  &  P.  H. 
Storer,  as  revised  by  W.  R.  Nichols.  Sixteenth  edition.  Newly  revised  by  W.  B.  Lindsay, 
A.B.,  B.S.,  Professor  of  Chemistry  in  Dickinson  College.  New  York  :  D.  Van  Nostrand 
&  Co.    1893. 
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little  that  is  new  in  the  method  of  testing  for  acids.  Part  H  contait 
directions  for  working  with  substances  of  unknown  compositioi 
The  appendix  which  closes  the  book  needs  revision.  For  exan 
pie,  the  author  directs  that  common  sulphuric,  hydrochloric  an 
nitric  adds  shall  be  used.  Now  these  acids  are  usually,  almoi 
universally,  very  impure.  The  sulphuric  generally  contains  irot 
lead  and  arsenic.  The  hydrochloric  contains  arsenic,  iron  an 
chlorine,  and  often  sodium  sulphate  and  free  sulpuric  acid.  Tb 
nitric  almost  invariably  contains  sodium  sulphate,  free  sulphur 
acid  and  chlorine.  Such  directions  are  of  little  consequence  wha 
the  teacher  is  competent  and  knows  better,  but  where,  as  is  ofte 
the  case  in  so-called  high  schools,  the  teacher's  knowledge  is  ol 
taiued  entirely  from  the  book,  the  results  are  not  encouraging 
The  old-&shioned  form  of  blower  for  blast-lamp  is  figured  on  pag 
176.     Fletcher's  form  is  certainly  preferable. 

Brown's  Assaylnjf.*— The  third  edition  of  this  book  was  n 
viewed  in  this  Journal,  Vol.  Ill,  p.  464.  In  this  fourth  edition 
considerable  amount  of  new  material  has  been  added,  the  boo 
now  containing  533  pages.  The  chapter  on  "Lead  ores"  has  bee 
rewritten.  To  the  appendix,  chapters  upon  the  "Tin  Assay  "  0 
"Gold  and  Silver  Ores,"  and  a  short  chapter  on  the  "Detennin: 
tion  of  the  SpeciBc  Gravity  of  Minerals,"  have  been  added.  T 
fit  the  manual  for  the  English  market,  the  values  are  also  give 
in  English  money. 

■Manual  of  AHsTing  Gold.  Silver,  Copper  and  L«ad  Ores.  Wltb  one  colortd  pUte  «i 
jiillaatralloason  wood.  By  Waller  Lee  Brown,  B.  Sc.  Fourth  edition,  fourlh  thoaian 
ClilCBBo.    S.  H.  Sarcent  &Co.    1B91. 
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NOTES  ON  THE  DETERMINATION  OF  PHOSPHORUS 
BY  NEUTRALIZATION  OF  **THE  YELLOW 

PRECIPITATE."* 

By  Dr.  M.  Rotbbero  and  W.  A.  Auchinvolb. 

Some  years  ago  F.  Hundeshagen  (^Zeit,  anal.  Chem,  28,141-172) 
advanced  the  opinion  that  phosphomolybdate  of  ammonium  may 
be  titrated  with  caustic  soda.  A  synopsis  of  his  method  is  as 
follows : 

The  ** yellow  precipitate'*  is  washed  with  neutral  ammonium 
nitrate  and  dissolved  in  warm,  dilute  ammonia,  excess  of  ammonia 
expelled  by  evaporation,  and  nitric  acid  added  to  re-form  the  yel- 
low precipitate.  After  again  evaporating,  to  decompose  ammonium 
nitrate,  raising  the  temperature  finally  to  180®,  the  dish  is  cooled, 
and  a  measured  amount  of  caustic  soda  added.  After  stirring  until 
all  is  in  solution,  the  excess  of  alkali  is  found  by  titrating  back 
with  standard  nitric  acid,  using  phenolphthalein  as  an  indicator. 
I  cc.  of  "^  soda  equals  0.00061739  gm.  of  phosphoric  anhydride. 

In  the  Jour.  Anal,  and  Applied  Chem.  for  February,  1892, 
Mr.  C.  E.  Manby  gives,  practically,  the  same  method  as  the  result 
of  his  own  independent  investigation. 

Without  again  going  over  the  ground  so  well  covered  by  Mr. 
Manby*s  paper,  we  will  give  the  results  of  our  experiments,  thank- 
ing Mr.  Manby  for  valuable  suggestions. 

The  method  as  it  stood  was  too  long  to  be  called  a  '* rapid'* 
method,  and  after  a  few  experiments  we  found  that  good  results 
could  be  obtained  by  titrating  the  '* yellow  precipitate"  directly, 
without  previous  re-precipitation,  with  the  advantage  that  it  short- 
ened the  method  by  at  least  one-half 

From  the  results  of  our  experiments,  we  are  led  to  believe  that 
only  with  extreme  care  is  it  possible  to  obtain  good  results  with 

•Tills  article  was  received  before  the  article  by  J.  O.  Handy  in  the  April  No.  had  been 
imblished.>-ed. 
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the  evaporation  method,  and  in  making  a  run  of  forty  to  f 
phosphorus  determinations  per  day,  as  we  usually  do,  some  mc 
fication  was  necessary  if  we  wished  to  use  the  method. 

DETAILS. 

Take  t  to  2  gais.  of  steel,  according  as  the  phosphorus  is  h 
or  low,  put  in  a  12  oz.  Erlenmeyer  flask,  add  15  to  20  cc.  ni 
acid,  1.30  sp.  gr.;  as  soon  as  violent  action  ceases,  put  on 
lamp,  bring  to  a  boil,  oxidize  with  permanganate,  dissolve 
precipitated  manganese  dioxid  with  sugar  or  ferrous  sulphi 
boil  one  minute  longer,  cool  to  about  40°  C,  add  50-60  cc. 
molybdate  solution,  shake  for  one  minute,  stand  in  a  warm  pi 
for  five  minutes,  and  then  filter,  using  a  7  cm.  S,  &  S.  No. 
filter;  rinse  out  the  flask  with  one  per  cent,  nitric  acid,  and  v 
four  times  on  the  filter  with  the  same,  then  wash  five  times  n 
potassium  nitrate  (3  gms.  per  liter),  to  remove  free  nitric  acid. 

Transfer  paper  and  precipitate  to  a  5  oz.  beaker,  add  fror 
burette  enough  standard  soda  to  dissolve  the  precipitate,  diluti 
50  cc.  with  water,  add  z  drops  of  phenolphthalein,  and  titrate 
once  with  a  standard  solution  of  nitric  acid. 

As  the  compound  formed  by  dissolving  the  "yellow  precipitat 
in  caustic  soda  is  very  volatile,  it  is  essential  that  the  titration 
made  promptly. 

If  the  solutions  are  of  such  strength  that  i  cc  alkali  equals  i 
acid,  and  i  gm.  of  steel  is  taken  for  a  determination,  then 
combined  alkali  in  cc.  X  .02  ^^  per  cent,  phosphorus  (it  is  assun 
that  -"-  solutions  are  used). 

We  have  verified  our  work  by  gravimetric  methods,  and  the 
suits  agree  closely.  In  a  steel  in  which  Booth,  Garrett  &  B 
found  .095  P.,  we  found  ,094-096. 

We  will  say  in  regard  to  running  our  standards,  that  we  ti 
them  in  the  same  manner  as  our  daily  work,  taking  a  standard 
the  day's  run,  and  treating  all  exactly  the  same. 

We  believe  that  fewer  errors  are  likely  to  be  introduced  in  as 
this  method  than  in  Bmmerton's  method  or  in  weighing  the  ": 
low  precipitate." 

As  to  the  reaction  which  takes  place  when  caustic  soda  is  ad< 
to  the  "yellow  precipitate,"  we  can  say  it  is  a  very  interest 
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study,  which  we  hope  to  treat  in  another  paper.  For  the  present 
we  will  simply  say,  *' when  just  enough  caustic  soda  is  added  to 
dissolve  the  precipitate,  and  the  solution  is  evaporated  spontane- 
ously over  sulphuric  acid,  it  shows  white  efflorescent  crystals, 
easily  soluble  in  hot  or  cold  water.** 

Laboratory  Cambria  Iron  Co., 
Johnstown,  Pa. 
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THE  DETERMINATION  OF  SULFUR  IN  IRON 

AND  STEEL. 

By  Abram  T.  Eastwick. 

Place  3  g^s.  of  drillings  in  a  pint  flask  A,  and  close  it  with  a 

rubber  cork  fitted  with  funnel  tube  and  delivery  tube  c,  and  tube  a. 

Similarly  close  bottle  D  with  cork  fitted  with  tube  c'  and  r"  ; 

connect  c  and  c\ 

To  flask  By  which  should  be  about  one-half  the  size  of -^,  add 

15  cc.  of  an  ammoniacal  cadmium 
chlorid    solution    and    dilute  with 
100  cc.  of  water.     Insert   a  glass 
tube  in  B,  and  connect  it  with  r". 
^\  Fill   tube   d  with  dilute   hydro- 

chloric acid  (equal  parts  acid  and 
'^'"'"^^  ^-^^  water),  and  blow  through  a  to  be 

1 11      vl  ®"^^  of  no  leak.  Replace  cap  a\  and 

"  '*       ^  add  to  flask  A  80  cc.  of  dilute  hydro- 

chloric acid. 

Boil  the  solution  until  the  drill- 
ings are  dissolved.     When  no  more 
gases  are  evolved  at  B,  remove  the 
flame  and  blow  through  a  to  drive 
over  any  evolved  gases  still  remain- 
ing in  A  and  D,    Leave  a  uncapped 
and  disconnect  ^"  fi-om  the  tube  in  B. 
All  the  sulfur  generated  in  A  is 
now  contained   in   B  as  cadmium 
chlorid.    Any  hydrochloric  acid  distilled  over  will  remain  in  D. 
Now  add  to  B  2i  few  cc.  of  starch  water  (allowing  the  tube  to 
remain  in  the  flask,  as  some  cadmium  sulfid   is  apt  to  adhere  to 
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it),  acidulate  with  strong  hydrochloric  acid,  and  immedial 
titrate  with  a  standardized  iodin  solution.  Agitate  the  conte 
of  the  flask  just  before  titrating,  in  order  to  insure  a  complete  w 
tion  of  the  cadmium  salfid. 

An  ordinary  retort  stand  is  a  convenient  support  for  the  app 
tus ;  a  small  sample  bottle  answers  the  purpose  for  D. 

Cadmium  Chlorid  Solution. — Dissolve  1 20  gms.  of  pure  cadmi 
chlorid  in  cold  water,  and  add  800  cc.  of  strong  ammonia.  If 
cadmium  chlorid  contains  any  impurities  insoluble  in  the  ami 
niacal  solution,  they  should  be  filtered,  and  the  solution  kept  i 
tightly-stoppered  bottle. 

Iodin  Solution. — Dissolve  6.00  gms.  of  iodin  solution  and 
gms.  potassium  iodid  in  100  cc.  of  water,  and  dilute  to  1500 
Keep  the  solution  in  a  dark  place  and  tightly  corked. 

It  is  unnecessary  to  describe  the  method  for  standardizing 
iodin  solution  here,  as  it  is  described  in  text-books,  notably 
Blair's  Chemical  Analysis  of  Iron  (p.  62),  The  strength  of 
solution  must  be  carefully  determined,  however,  as  iodin  g 
erally  contains  imparities  which,  of  course,  makes  the  solul 
weaker  than  its  theoretical  strength. 

A  rapid  and  convenient  method  of  standardizing  the  iodine  s<: 
tion  is  by  the  use  of  "drillings,"  in  which  the  sulfur  has  b 
accurately  determined.  The  known  per  cent,  of  sulfur  is  divii 
by  the  number  of  cc.  of  solution  required,  divided  by  the  num 
of  gms.  of  drillings  used,  is  the  strength  of  iodin  solution. 

The  method  described  here  is  essentially  the  cadmium  metl 
in  general  use ;  but  I  find,  that  if  the  intervening  bottle  {U, 
placed  between  the  generating  and  receiving  flasks,  to  retain  j 
distilled  hydrochloric  acid,  then  no  ammonia  need  to  be  ad 
to  the  cadmium  solution  while  the  drillings  are  being  dissoh 
This  avoids  the  formation  of  large  quantities  of  ammoni 
chlorid,  and  also  keeps  the  cadmium  solution  from  becom 
heated.  By  this  means  the  cadmium  sulfid  can  at  once  be  i 
solved  in  the  receiving  flask  without  being  filtered  off  from 
excess  of  cadmium  chlorid  solution,  and  immediately  titral 
The  results  obtained  in  this  way  I  have  fi^uently  checked 
other  methods,  and  have  also  had  them  checked  by  Booth,  G 
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rett  &  Blair,  and  others.     They  have  always  agreed  to  .004  per 
cent,  or  less. 

It  must  not  be  forgotten,  in  connection  with  this  or  any  evolu- 
tion method,  that  in  the  case  of  pig-iron  some  sulfur  is  liable  to 
remain  in  the  insoluble  carbonaceous  residue,  which  should  always 
be  examined  when  absolute  accuracy  is  required.  In  technical 
analyses,  however,  the  carbonaceous  residue  is  not  generally  ex- 
amined for  pig-iron  of  ordinary  composition,  as  it  rarely  retains 
more  than  a  very  small  proportion  of  the  total  sulfur  in  the  iron; 
but  this  is  a  matter  best  left  to  the  individual  judgment,  for  great 
diversity  of  opinion  seems  to  exist  as  to  the  necessity  of  examin- 
ing such  residues. 


ON  LABORATORY  VENTILATION. 

By  Charles  R  Mabbry. 

The  chemical  laboratory  has  become  an  important  feature  in  the 
various  departments  of  higher  education  and  an  indispensable 
adjunct  in  scientific  training.  Instead  of  buildings  or  rooms  of 
moderate  size,  within  ten  years  the  rapidly  increasing  elasses  in 
chemistry  in  colleges  and  schools  of  science  have  rendered  neces- 
sar>'  buildings  and  even  rooms  large  enough  to  accommodate 
comfortably  several  hundred  persons.  It  is  a  familiar  fact  that 
the  atmosphere  Of  a  laboratory  has  a  well-established  reputation 
for  odors  that  are  not  especially  agreeable  to  persons  unaccustomed 
to  them.  That  the  ordinary  smells  and  odors  in  a  well  ventilated 
laboratory  are  not  unhealthful,  is  well  attested  by  the  unimpaired 
health  of  instructors  who  have  spent  a  large  portion  of  their  lives 
in  such  atmospheres.  With  a  moderate  number  of  persons  at 
work  in  a  laboratory  room  of  suitable  size,  it  is  a  matter  of 
no  especial  difficulty  to  carry  away  the  deleterious  gases  with- 
out contaminating  the  general  atmosphere.  But  with  larger 
classes  general  ventilation,  which  includes  complete  remo- 
val of  injurious  gases  simultaneously  with  sufficient  renewal 
of  the  atmosphere  of  the  room  to  keep  it  in  good  condition, 
presents  features  that  require  careful  consideration.  It  must  be 
distinctly  understood  at  the  outset  that  proper  ventilation  of  such 
a  room  requires  two  systems  operating  independently,  and  at  the 
same  time  to  a  certain  extent  in  conjunction  with  each  other. 
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For  removal  of  harmful  gases  heavier  than  air,  such  as  hydric 
sulfid,  the  gaseous  products  of  the  solution  of  metals,  chlorin, 
or  sulfuric  acid,  which  must  be  generated  in  an  enclosed  space 
shut  off  from  the  general  atmosphere  of  the  room,  a  powerful  up- 
ward draught  is  necessary.  Such  a  draught  may  be  maintained 
in  tall  flues,  provided  a  sufficient  difference  in  temperature  exists 
in  the  hoods  and  in  the  flues ;  and  this  is  usually  accomplished  by 
some  such  means  as  a  gas  jet  placed  at  the  opening,  or  steam  coils ; 
or  upward  currents  are  produced  by  forcing  air  into  the  hoods. 
Independent  of  the  strong  draughts  upon  which  the  hood  ventila- 
tion depends,  the  general  ventilation  requires  a  continuous  upward 
circulation,  which  is  established  in  part  by  the  large  number  of 
lamps  usually  burning  at  the  desks,  especially  if  there  are  adequate 
openings  at  the  base  of  the  room  and  in  the  ceiling.  With  the 
aid  of  forced  air  currents  sent  in  through  flues  at.  the  base,  the 
circulation  may  be  accelerated  to  any  desired  extent. 

Moreover,  in  some  localities,  and  Cleveland  is  one  of  them, — 
with  certain  directions  of  the  wind,  occasionally  there  are  strong 
downward  currents  that  are  troublesome,  and  they  can  only  be 
controlled  by  counter  pressure.  The  introduction  of  fresh  air  under 
pressure  is  more  advantageous  than  through  windows,  since  it  can 
be  easily  controlled  ;  and  open  windows  not  only  interfere  with 
lamp  flames,  but  the  direct  draughts  are  dangerous,  especially  in 
the  heated  condition  of  the  laboratory  atmosphere,  to  health. 
While  arranging  the  laboratory  rooms  in  the  large  building  erec- 
ted for  this  school  in  1885,  I  took  advantage  of  the  tall  tower  to 
construct  a  flue  of  twenty-four  inch  terra  cotta  pipe  for  hood  ven- 
tilation. Smaller  pipes  were  carried  to  it  from  the  hoods,  and  a 
large  steam  coil  was  placed  at  the  base  of  the  main  pipe.  This 
system  gave  such  satisfaction  that  I  decided  to  adopt  a  similar  ar- 
rangement for  the  hood  draughts  in  the  present  laboratory. 

In  planning  for  the  ventilation  of  this  laboratory,  I  have  kept 
these  principles  in  view  for  the  construction  of  a  system  that 
would  include  all  advantage  that  could  be  derived  from  the  ordi- 
nary circulation  of  the  atmosphere  by  changes  in  temperature,  as 
well  as  any  aids  that  would  be  required  to  render  the  system  satis- 
factory jn  its  operation.  Through  the  kindness  of  the  architects, 
Messrs.  Cobum  &  Bamum,  I  am  able  to  show  two  cross  sections 
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of  the  building  with  the  exit  flues.     All  these  flues  are  constructed 
in  the  two  cross  walls  enclosing  the  main  hall,  which  is  thirteen 
feet  wide.     Each  flue  has  a  terra  cotta  lining  8x12  in.,  with  the 
lower  opening  7  ft.  from  the  floor,  and  they  are  brought  together 
above  the  fourth  floor  into  four  larger  flues  by  each  36x21  in., 
which  begin  on  the  fourth  floor.     On  the  fifth  floor  each  of  the 
larger  flues  has  an  opening  21  x 48  in.,  closed  by  an  iron  door,  and 
opposite  each  door  is  a  steam  radiator  of  30  ft.  radiating  surface, 
heavily  coated  with  asphalt  paint.     The  radiators  have  automatic 
air  vents,  and  they  are  attached  to  a  separate  steam  pipe  with  a  valve 
in  the  basement.   Two  flues  entering  the  left  main  flue  b,  plate  -^ ,  in  a 
cross  wall  are  not  shown  in  the  section.     As  a  part  of  the  general 
ventilation,  the  lecture  room  has  six  openings  at  the  base  leading 
into  flues  that  extend  to  the  basement  for  connection  with  the 
blast  pipe,  and  a  register  in  the  ceiling  20x24  i^-  opening  into 
the  large  flue  a,  section  A.     The  general  laboratory  has  five  flue 
registers  at  the  base,  and  the  ceiling  openings  enter  the  escape 
flues  a,  the  larger  (36x30  in.)  containing  on  the  fifth  floor  a  capa- 
cious tin-lined  copper  box  for  supplying  distilled  water  from  con- 
densed steam.     Four  flue  registers  are  also  set  at  the  base  of  the 
quantitative  laboratory  on  the  first  floor,  and  the  ceiling  opening 
is  at  the  base  of  the  larger  flue  a,  plate  B,     The  dotted  line  at  the 
left  of  this  flue  represents  the  position  of  the  smoke  flue  leading 
firom  the  boiler  room.     The  tops  of  these  flues  are  80  ft.  from  the 
basement  floor. 

The  air  blast  is  given  by  a  Buffalo  pressure  blower  capable  of 
delivering  any  desired  volume  of  air  below  2,800  cubic  feet  per 
minute.  It  is  set  so  as  to  take  air  from  outside  the  building,  and  in 
cold  weather  to  send  it  through  a  chamber  containing  a  steam  coil. 
The  motive  power  is  obtained  by  means  of  a  three  kilo-watt  Edison 
Motor,  and  attached  to  the  same  counter-shaft  is  a  small  high  pres- 
sure blower  to  supply  an  air  blast  for  lamps  and  furnaces.  Through 
the  generosity  of  the  Cleveland  Electric  Power  Co.,  an  electric  cur- 
rent of  about  500  volts  is  taken  from  their  street  main.  The  ad- 
vantage of  four  large  flues  is  evident  from  the  operation  of  the 
system  ;  with  a  smaller  number  it  would  be  difficult,  if  not  impos- 
sible, to  carry  gases  so  far  against  strong  winds  blowing  in  the 
opposite  direction.     In  its  efficiency  and  the  slight  care  that  it 
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was  collected  near  the  ceiling  and  another  (2)  at  the  level  of  the 
working  tables.  Calling  this  set  of  samples  (a),  a  second  set  (A) 
was  collected  at  the  same  point  with  the  ceiling  ventilators  open 
and  the  base  registers  closed.  A  third  set  (r)  was  collected  with 
the  system  in  full  operation,  the  blower  delivering  1200  cu.  ft.  of 
air  per  minute.  This  room  is  57  x38  ft.  and  16  ft.  high.  The 
samples  were  collected  when  the  room  was  occupied  by  65  persons 
with  lamps  burning  freely  throughout  the  room,  and  the  condition 
of  the  atmosphere  is  shown  by  determinations  of  CO,,  which  gave 
the  following  results : 

Parts  of  CO^  in  10,000. 

a,  b.  c, 

I.  12  13  122 

CO, 23.68    23.23        16.95     15.40        9.15    8.13    8.17 

For  the  sake  of  comparison,  carbon  dioxid  was  determined 
in  the  lecture  room  with  the  base  registers  closed  and  the 
ceiling  register  open  after  it  had  been  occupied  45  minutes  by 
50  persons.  The  samples  collected  near  the  outer  wall  contained 
9.99  parts  CO,  in  10,000,  and  a  second  sample  collected  near  the 
interior  wall  contained  11. 47  parts  CO,.  In  analysis  of  the  atmos- 
phere outside  the  building,  Professor  Smith  found  4.42  parts  CO,. 

The  operation  of  this  system  of  ventilation  as  it  is  demonstrated 
by  the  circulation  in  the  different  parts  and  by  the  composition  of 
the  atmosphere  under  varied  conditions  shows  clearly  that  upward 
circulation  assisted  by  pressure  is  the  simplest  and  the  most  effi- 
cient means  for  adequate  renewal  of  the  air,  at  least  in  a  chemical 
laboratory.  Between  such  a  system,  and  one  frequently  in  use  in 
which  the  vitiated  air.  is  allowed  to  rise  to  the  ceiling  and  is  then 
drawn  downward  through  base  openings,  the  essential  difference 
is  that  in  the  first  the  air  is  in  its  best  condition  in  all  the  lower 
parts  of  the^room,  while  in  the  second  the  air  in  such  portions  of 
the  room  as  are  near  the  base  openings  is  always  vitiated. 

I  desire  to  acknowledge  my  obligations  to  the  architect,  Mr.  F. 
S.  Bamum,  for  the  efficient  aid  he  has  rendered  in  the  construc- 
tion of  the  details  of  this  system,  especially  in  the  general  ventila- 
tion of  the  building. 

Cbbmical  Laboratory  op  the 

Casb  School  of  Applibd  Science, 

May  17,  1892. 


A  MICROSCOPIC  SEDIMENT  COfcLECTOR. 

BV  PORTEB  W.  Shiheb.  Eastoh.  Pa. 

:  minutely  divided  solid  matter,  held  in  suspension  by  liquid 
lally  examined  under  the  microscope,  either  by  placing 
if  the  liquid  under  a  cover  glass,  or  by  allowing  the  sedimei 
>side  to  the  bottom  of  a  conical  glass  vessel,  and  then,  I 
of  a  glass  tube,  removing  a  drop  of  the  sediment  for  exam 
The  suspended  matter  is,  however,  usually  so  sparse! 
linated  that  the  former  method  is  not  practicable.  It  ther 
Komes  necessary  to  concentrate  the  sediment.  The  methc 
icentration  by  settling  in  a  conical  vessel  has  disadvantagi 
it  may  be  well  to  enumerate  briefly. 
Some  kinds  of  suspended  matter,  by  reason  eith^  of  the 
lely  minute  state  of  division,  or  because  their  specific  grav 
e  nearly  the  same  as,  or  less,  than  that  of  the  liquid,  sett 
lowly,  or  not  at  all. 

When  the  suspended  matter  has  the  power  of  volnntai 
1,  as  much  of  the  microscopic  life  of  water,  it  remains  i 
ision. 

By  reason  of  the  diflferent  sizes,  specific  gravities  and  othi 
es  of  the  various  elements  that  make  up  the  suspendc 
5,  the  sediment  does  not  settle  uniformly.  Some  elemen 
and  others  remain  upon  the  sloping  sides  of  the  vesse 
escape  examination.  The  sediment  at  the  bottom,  instei 
ig  uniform,  is  apt  to  be  disposed  in  strata.  Those  elemen 
subside  most  promptly  are  at  the  bottom,  and  the  lighti 
Its  may  be  disposed  more  or  less  regularly  above  it.  Wht 
ling  a  drop  of  sediment  thus  obtained,  we  cannot  t>e  su 
1  the  different  kinds  of  suspended  matter  are  represented  i 
1  less  can  we  be  sure  that  all  the  elements  are  represenU 
exact  relative  proportions  in  which  they  exist  in  the  Uquii 
]aking  a  direct  examination  of  water  for  disease  germs,  tl 
1  by  evaporation  of  a  few  drops  of  the  water  on  a  cover  gla; 
illy  resorted  to.  This  leaves  a  residue  which  contains  ever; 
iresent  in  the  water  used.  When  the  germs  are  few,  as 
/  the  case,  the  chances  of  finding  them  by  this  method  a: 
nail.  The  slow,  spontaneous  evaporation  oFdrop  after  drc 
quires  much  time  and  attention. 
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A  recent  method  of  concentrating  and  enumerating  the  larger 
organisms  (diatoms,  algae,  etc.)  is  the  Sedgwick-Rafter  method, 
devised  and  used  in  the  laboratory  of  the  Massachusetts  State 
Board  of  Health.  In  this  method  a  measured  amount  of  the  water 
is  filtered  through  a  plug  of  sand  of  suitable  fineness  and  purity. 
The  larger  organisms  remain  upon  the  sand.  Bacteria  and  disease 
germs  pass  through  the  sand  and  escape  the  examination.  The 
sand  is  removed  from  the  funnel  and  agitated  with  a  measured 
small  bulk  of  water.  The  sand  sinks  promptly,  leaving  the  larger 
organisms  in  suspension.  A  measured  small  part  of  this  water  is 
then  placed  in  a  special  cell,  and  the  organisms  are  counted  under 
the  microscope  by  use  of  a  device  in  the  eye-piece  which  restricts 
the  field  of  view  to  a  small  square  of  known  dimensions.  (Mass. 
State  Board  of  Health,  Report  on  Purification  of  Sewage  and  Wa- 
ter, 1890,  pp.  799-811.) 

Now  it  occurred  to  me  that  if  all  the  suspended  matter  (includ- 
ing bacteria  and  disease  germs)  in  a  measured  amount  of  water 
could  be  brought  upon  an  ordinary  cover-glass  or  slide,  unmixed 
with  any  filtering  medium  or  other  foreign  matter,  it  would  give 
both  a  qualitative  and  quantitative  exactness  to  the  microscopic 
examination  of  sediments.  For  this  purpose  I  have  devised  the 
apparatus  figured  herewith.     (U.  S.  Pat.  474,267.) 

The  apparatus  is  shown  in  section  in  Figs,  i  and  2.  Fig.  i 
shows  the  arrangement  for  depositing  the  sediment  upon  a  cover- 
glass.  Fig.  2  is  an  arrangement  for  deposition  upon  a  slide.  A 
is  a  graduated  glass  tube  5  inches  long  and  ^  inch  in  internal 
diameter,  open  at  both  ends,  and  ground  off  square.  The  base  of 
the  tube  is  2j^  inches  in  diameter.  The  filter  B  and  cover-glass 
Care,  for  the  purpose  of  better  illustration,  exaggerated  in  size  ; 
Z^  is  a  pile  of  blotting  paper,  cut  in  sizes  about  2>^  inches  square; 
^  is  a  glass  vessel ;  /**  is  a  brass  base  ;  and  6^  is  a  spring  whose 
object  is  to  press  the  filter  tube  firmly  in  contact  with'  the  mass  of 
blotting  paper.  The  pressure  may  be  graduated  by  means  of  the 
links  of  tiie  chain  H, 

In  Fig.  2,  /  is  a  sponge  which  takes  the  place  of  the  blotting 
pad  in  Fig.  i  ;  /  is  a  glass  slide ;  A*  is  a  loose  glass  cover.  In 
operation,  the  liquid  is  slowly  drawn  off  in  the  direction  of  the  arrows 
by  the  capillary  attraction  of  the  bibulous  material,  while  the  sus- 
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upon  the  cover-glass  or  upon  the  slide.  The  cover-glass  is  per- 
haps preferable.  The  apparatus  is  shown  in  Pig.  i.  Take  a 
piece  of  No.  2  Swedish  filter  paper  about  two  inches  in  diameter 
and  make  an  aperture  in  the  centre  of  it  ^  inch  in  diameter. 
This  is  the  filter.  Make  it  thoroughly  wet  and  place  it  evenly 
over  the  aperture  at  the  base  of  the  tube.  Place  a  well  cleaned 
one-inch  cover-glass  evenly  over  the  opening  in  the  filter.  It 
will  adhere  to  the  wet  filter.  Moisten  the  top  piece  of  the  pad  of 
blotting  paper  and  replace  it.  Place  the  top  of  the  tube  through 
the  loop  ;  bring  down  the  tube  carefully  upon  the  blotting  pad  so 
as  not  to  displace  the  cover-gla^.  Then  pull  down  and  fasten  a 
link  of  the  chain  when  the  desired  pressure  has  been  attained. 
The  apparatus  is  now  ready  for  filtration. 

Shake  up  the  sample  of  water  in  a  glass  vessel.  Then,  by 
means  of  a  pipette,  which  is  moved  about  while  the  water  is  being 
drawn  in,  take  out  a  sample  of  water  and  place  it  in  the  tube 
until  the  desired  amount  is  obtained.  It  is  not  possible  to  get 
even  moderately  agreeing  results  fi"om  the  same  bottle  of  water 
when  the  water  is  shaken  and  poured  into  the  filter  tube.  The 
suspended  matter  does  not  remain  uniformly  distributed  through 
the  liquid  during  the  act  of  pouring.  Cover  the  tube  with  a  glass 
slip  and  set  it  aside,  merely  taking  note  of  the  beginning  and  end  of 
the  filtration. 

In  experimenting  on  the  water  of  the  Delaware  river,  it  was 
found  that  all  enumerations  of  the  larger  organisms  agreed  fairly 
ivell  when  the  time  of  filtration  of  25  cc.  was  over  three  hours. 
When  25  cc.  required  two  days  or  more,  bacteria  were  found  in 
abundance  upon  the  cover-glass.  In  general,  it  may  be  said,  that 
the  more  minute  the  object  sought  for,  the  slower  the  filtration 
must  be. 

Dr.  A.  L.  Kotz,  in  experimenting  with  the  apparatus  upon  a 
sample  of  cistern  water  that  had  caused  a  local  epidemic  of  typhoid 
fever,  found  that  when  10  cc.  filtered  in  20  hours,  he  obtained  no 
typhoid  bacilli  in  the  deposit.  When,  however,  5  cc.  required  3 
days,  the  characteristic  bacillus  was  found  in  abundance.  Dr.  Kotz 
was  afterwards  able  to  confirm  the  results  of  this  direct  examina- 
tion by  succeeding  in  the  preparation  of  pure  cultures  of  typhoid 
bacilli  from  the  water. 
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The  results,  192  in  sample  C,  and  44  in  sample  D,  show  that 
filtration  is  too  rapid  when  only  one  hour  is  required.  Allowing 
an  average  of  300  of  these  larger  organisms  to  each  cubic  centi- 
meter, we  take  in,  in  an  ordinary  glass  of  water  of  200  cc.,  about 
60000  of  them.  It  is  fortunate  that  these  do  not  belong  to  the 
harmful  class  of  micro-organisms. 

If  desired,  the  sediment  may  be  deposited  upon  the  slide  instead 
of  upon  the  cover-glass,  as  shown  in  Fig.  2.  The  perforated  filter 
(2x3  in.)  is  saturated  with  water,  and  the  glass  slide  is  laid  down 
upon  it  so  that  the  aperture  in  the  filter  is  exactly  in  the  middle 
of  the  slide.  The  ends  of  the  filter  are  then  folded  over  the  back 
of  the  slide.  The  slide  is  laid  over  the  mouth  of  the  vessel,  which 
contains  a  sponge  which  has  been  wet  and  well  squeezed  out. 
The  sponge  must  press  against  the  bottom  of  the  filter  The  slide 
and  filter  may  also  be  laid  upon  the  blotting  pad  as  in  filtration 
upon  the  cover-glass. 

For  the  examination  of  stagnant  water,  it  is  well  to  use  a  cell 
just  large  enough  to  fall  within  the  rim  of  the  tube.  Examina- 
tions carried  on  in  this  way  are  vastly  more  interesting  than  by 
the  usual  way  of  placing  a  single  drop  under  the  cover-glass.  The 
apparatus  enables  us  to  crowd  all  the  life  of  many  hundred  drops 
under  one  cover-glass,  and  a  more  interesting  sight  it  is  not  possi- 
ble to  imagine.  In  this  way  I  was  enabled  to  crowd  a  slide  with 
the  beautiful  Volvox  Globator  to  such  an  extent  that  I  had  the 
pleasure  of  seeing  90  individuals  in  the  various  stages  of  their 
life  history  in  one  field  of  view.  • 


DETECTION  AND  ISOLATION  OF  TYPHOID  BACILLI 

IN  CISTERN  WATER. 

By  a.  L.  Kotz,  M.  D. 

The  following  notes  are  the  record  of  a  bacteriological  examina- 
tion of  a  cistern  water,  consumed  by  two  families,  in  which  six 
members  were  attacked  with  typhoid  fever,  and  two  died. 

The  water  for  analysis  was  collected  in  a  sterilized  Erlenmeyer 
flask,  from  the  spout  of  a  chain  pump,  after  the  water  had  been  kept 
running  about  five  minutes.  It  had  a  slight  ochre  color,  but  was 
perfectly  transparent.  About  one  hour  after  the  water  was  col- 
lected, four  gelatine  culture  plates  were  prepared  of  it ;  two  with 
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water,  in  the  shortest  possible  time.  By  using  moistened  and 
sterilized  nianila  paper  for  the  filter  (which  answers  best  for  this 
purpose)  one  cubic  centimeter  of  water  will  pass  through  the 
apparatus  in  about  24  hours  and  leave  the  organisms  evenly  dis- 
tributed over  the  cover  glass.  In  case  pathogenic  germs  are  found, 
the  water  may  safely  be  condemned  until  the  results  of  culture 
tests  become  known. 


CHANGES  OF  METHODS  OF  ANALYSES  BY  THE 
ASSOCIATION  OF  OFFICIAL  AGRICUL- 
TURAL CHEMISTS. 

[Prom  thb  Laboratory  of  Breybr  and  Schweitzer,  159  Front  St.,  N.  Y.] 

The  methods  of  analyses  of  agricultural  products,  as  laid  down 
by  the  Association  of  OflBcial  Agricultural  Chemists,  are  applied 
by  many  chemists  who  do  not  belong  to  that  leanied  society. 
Some  use  these  methods  because  the  original  literature  is  not  accessi- 
ble to  them  ;  others,  especially  those  connected  with  the  fertilizer 
trade,  because  they  are  compelled  to  follow  those  directions,  very 
often  against  their  better  knowledge,  in  order  to  obtain  analytical 
results,  conformed  to  those  obtained  in  the  State  Agricultural 
Experimental  Stations. 

These  methods  being  published  by  the  authority  of  the  Secre- 
tary of  Agriculture,  and  thus  having  the  appearance  of  oflBcial 
approval,  it  ought  to  be  supposed  that  there  always  must  be  only  the 
best  of  reasons  to  warrant  any  change  in  a  method  once  adopted, 
which  has  the  sanction  of  chemists  of  the  highest  standing. 
Therefore  it  is  diflBcult  to  understand  how  the  chemists  assembled 
in  the  lecture-hall  of  the  Columbian  University  of  Washington,  on 
August  14,  1 89 1,  could  have  assented  to  the  proposition  of  Wm. 
C.  Stubbs,  Ph.D.,  Audubon  Park,  New  Orleans,  La.,  to  change 
the  figure  144  in  Clerget's  formula  (Bulletin  81,  p.  76)  to  142,  4. 
Anyone  proposing  such  a  change  in  a  formula  which  is  used  by 
all  the  chemists  in  the  sugar-industry,  and  is  approved  by  the 
highest  authorities,  is  at  least  supposed  to  be  well  versed  in  the 
appertaining  literature  and  to  be  possessed  of  sufficient  penetration 
to  discover  the  difference  between  the  conditions  to  which  the  fig- 
ures 142.4  and  144  respectively  apply.  For  the  first,  time  this 
change  was  proposed  in  the  "Sugar-Cane,'*  Vol.  22,  No.  246,  p. 
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33,  by  some  sugar-polarizators.  To  this  one  of  us  apswered 
"Sugar-Cane"  Vol.  22,  No.  248,  p.  158.  We  assume  that 
"Sugar  Cane"  is  not  in  the  hands  of  all  the  readers  of  this  pa[ 
and  we  therefore  quote  as  follows : 

CLERGET'S  METHOD  OF  INVERSION. 
Tb  the  Editor  of  "  The  Sugar  Cane." 

Sir :  In  Number  346,  January,  1890,  of  The  Sugar  Caue,  I  find  a  "Rq 
of  the  Committee  of  the  Louisiana  Sugar  Chemists'  Association  on  Method 
Chemical  Analysis,"  describing  eiperiments,  executed  for  the  patpow 
Rnding  "  the  correct  expression  of  the  formula  used  in  connection  with  C 
get's  method  of  inversion  "  and  to  test  the  correctness  of  Landolt's  revi 
figure  of  143.4,  "  the  inaccuracy  of  results  obtained  by  the  use  of  Clerg 
original  constant  of  144  having  become  appareut."  In  the  conclusion  of 
article  the  Committee  recommend  "the  use  of  the  constant  143.4  in  alls 
determinations  hereafter."  From  the  description  of  the  experiments  1 
cuted,  and  the  resnlts  obtained  by  such  experiments,  and  from  the  con 
sion  derived  from  said  results,  it  appears  clearly  that  the  experiments  b 
been  faultily  executed,  and  that  the  authors  of  the  report  are  notacquaii 
with  the  literature  appertaining  to  the  subject.  The  above  recommeadai 
will  embarrass  and  mislead  those,  who  like  those  nsing  polarisation  od  si 
plantations,  etc.,  have  not  the  knowledge  and  skill  to  test  chem 
methods  themselves,  but  who  may  still  be  in  a  position  to  apply  Clerg 
method  of  inversion  ;  and  it  wilt  give  rise  to  doubts  as  to  the  true  merit 
said  method  with  chemists  who  are  not  conversant  with  the  subject.  1 
is  the  reason  which  induces  me  to  make  a  few  remarks  on  the  report,  an 
point  out  the  main  errors  contained  therein.  By  the  report  we  are  infon 
that  a  normal  solutionof  saccharose,  which  polarized  loo.oat  17.5°  C,  po! 
zed  only  99.7  wben  reduced  to  a  temperature  of  4°  C.  There  is  no  expli 
tion  given  for  this  remarkable  result,  which  stands  in  opposition  to  ex] 
ence  and  science.  It  is  well  known  that  the  specific  rotatory  power  of 
saccharose  is  affected  only  minimally  by  the  temperature  ("Dubmnfant,  J 
Chim.  Phys."  I3)  18,  page  99,  vide  Tollens,  "Die  Kohlenhydrate,"  page  1 
The  difference  of  polarization  can  therefore  not  be  explained  in  this  1 
By  reducing  the  temperature  of  the  solution  from  17.5°  C.  to  4°  C, 
density  of  the  solution  is  increased,  while  the  length  of  the  tube  is  slig 
reduced,  Matgezek  gives  for  Ventzke's  scale  a  table,  showing  the  polai 
tion  of  a  saccharose  solution  prepared  at  17.5°  loo.o ;  polarization  of  a 
charose  solution  prepared  at  17.6°  at  different  temperatures.  Prom 
table  I  quote:  Polarization  at  17.5°  loo.o;  polarization  at  10.0°  lot 
Therefore  it  would  reasonably  appesr  that  at  4°  C.  the  polarixation  of 
solution  should  be  100.3  to  100.4,  *nd  not  as  stated  99.7. 

The  report  says  that  50  cc.  of  this  normal  saccharose  solution  were  in 
ted  in  the  manner  described  by  Clerget,  and  this  inverted  solution  polar 
at  a  temperature  near  0.0.     Prom  the  results  of  these  polarizations,  w1 


CHANGES  OF  METHODS,    ETC.  26 1 

were  certainly  too  low  (too  low  left  hand  rotation)  for  some  reason,  of  course 
unknown  to  me,  the  authors  of  the  report  conclude  :  "These  results  would 
appear  to  confirm  very  fully  the  correctness  of  the  constant  142.4  as  obtained 
by  Landolt"  And  thereby,  without  much  ado,  is  condemned  a  method  and 
a  fonnula  recommended,  tested,  and  retested  by  chemists  of  high  standing 
and  authority.  The  at>ove  results  of  the  Committee,  however,  do  not  by  any 
means  confirm  the  correctness  of  Landolt's  constant.  This  142.4  found  by 
the  Committee  is  not  the  142.4  found  by  Landolt,  as  I^andolt  determined  his 
142.4  for  a  solution  containing  one-half  normal  weight  of  saccharose  in  100 
CO.  and  not  like  the  Committee,  for  a  solution  containing  one-half  normal 
weight  of  saccharose  in  55  cc.  Gubb  and  others  having  shown  that  the 
rotatory  power  of  invert  sugar  solutions  increases  with  the  concentration  of 
the  solution  and  the  amount  of  acid  employed  for  the  inversion,  the  differ- 
euce. between  Landolt*s  142.4  (and  Creydt*s  142,  and  Herzfeld*s  142.66)  and 
Clerget*s  144  is  easily  explained.  There  is,  therefore,  no  need  to  change 
Clerget's  original  constant  and  formula  (except,  perhaps,  for  Tuchschmid*8 
revised  formula),  as  Clerget's  method  and  formula  gives  for  all  practical  pur- 
poses sufficiently  reliable  results,  provided  the  inversion,  polarization,  and 
reading  of  temperature  are  executed  with  care  and  skill.  I  am  fully  aware 
of  the  well-founded  objections  raised  against  Clerget's  method  of  inversion 
—against  the  use  of  the  German  half  normal  weight — while  Clerget  used  the 
French  half  normal  weight — against  the  concentration  of  the  acid.  &c., 
—bat  still  the  application  of  the  constant  142.4  for  the  calculation  of  the 
results,  obtained  by  polarising  sugar  solutions,  inverted  accordingly  to  Cler- 
get, will  cause  a  far  greater  error  than  all  the  other  weak  points  of  the 

method  taken  together. 

Yours,  &c., 

Theodor  Breykr. 
New  York  City,  no  Front  Street. 

It  is  surprising,  to  say  the  least,  that  after  this  publication  such 
a  method  should  be  proposed  and  accepted  as  a  standard,  and  we 
take  occasion  to  once  more  call  attention  to  its  glaring  defects,  to 
prove  the  necessity  of  an  analyst's  league  against  the  rash  con- 
clusions of  a  minority  making  the  rules  as  at  present. 

Another  proof  of  the  dangers  of  these  changes  is  the  determina- 
tion of  potassium  by  Lindo,  as  changed  by  Gladding  in  1885. 
After  seven  years  standing,  Mr.  Winton  now  discovers  (Bui/Zif 
p.  148)  that  the  use  of  chloride  of  sodium  in  the  Lindo-Gladding 
method  is  not  necessary.  Every  chemist  with  average  knowledge 
must  have  seen,  immediately  after  the  Gladding  method  was  intro- 
duced how  weak  and  unscientific  are  the  reasons  for  the  use  of 
chloride  of  sodium . 

We  are  now  collecting  material,  and  are  already  in  possession 
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much  copper,  or  is  hard  or  brittle,  it  is  scorified  with  the  addition 
of  more  test  lead  if  necessary.  When  the  lead  button  is  soft  and 
of  proper  size,  it  is  cupelled  and  the  button  weighed  and  parted. 
Several  scorifications  are  sometimes  necessary  before  the  button  is 
ready  for  the  cupel. 

The  two  objections  to  this  method  are,  first,  the  loss  of  silver 
during  scorification  and  cupellation,  the  latter  due  chiefly  to  the 
copper  remaining  in  the  lead  which  it  is  practically  impossible  to 
remove  in  the  scorifier,  and  which  takes  silver  into  the  cupel. 
These  losses  I  found  to  amount  to  from  2.33  to  2.78  per  cent,  of 
the  silver  present  in  the  copper.  My  experiments  were  made 
with  pure  copper  and  pure  silver,  the  silver  being  added  in  the 
proportion  of  100  ounces  per  ton  alloy. 

The  second  objection  is  the  small  amount  of  bullion  which  can 
be  operated  upon,  which  necessitates  the  use  of  many  scorifiers 
where  small  amounts  of  gold  are  to  be  estimated,  which  is  usually 
the  case. 

To  avoid  the  doubtful  results  of  scorification  processes,  the  fol- 
lowing method  has  been  adopted  at  the  copper  works  of  a  firm 
having  large  interests  at  stake  : 

One  assay  ton  of  copper  is  dissolved  in  nitric  acid,  diluted,  and 
allowed  twenty-four  hours  to  settle.  The  solution  is  now  filtered 
from  the  slight  sediment  containing  the  gold.  A  few  drops  of 
hydrochloric  acid  are  added  to  the  filtrate,  and  the  solution  again 
allowed  twenty-four  hours  for  silver  chloride  to  deposit,  when  it  is 
filtered,  and  washed,  and  the  two  filters  dried,  combined,  scorified 
with  test  lead,  and  cupelled.  The  chief  objections  to  this  are, 
(i)  the  time  required ;  (2)  the  small  amount  of  precipitate  ob- 
tained, and  the  danger  of  loss  in  scorifying  silver  chloride  ;  (3)  the 
greater  solubility  of  silver  chloride  as  compared  with  the  bromide. 

While  the  method  used. at  these  works  is  an  advance  over  pre- 
vious practice,  yet  the  time  employed  and  the  uncertainties  indi- 
cated leave  much  to  be  desired.  The  protracted  time  allowed  for 
settling  is  necessitated  by  the  exceedingly  fine  condition  of  the 
gold  resulting  fi-om  the  solution  of  a  metal  carrying  possibly  from 
.10  to  5  ounces  of  gold  per  ton  of  metal.  It  would  pass  through 
a  filter  unless  allowed  to  aggregate  by  standing. 

The  larger  quantity  (to  say  loo  ounces  of  silver  per  ton)  will 
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give  but  a  slowly  subsiding  cloud  impossible  to  filter  when  nc 
precipitated  as  chloride.  The  scoriBcatioo  of  these  combined  i 
cipitates.  one  of  them  being  silver  chloride,  cannot  give  resi 
quite  satisfactory,  despite  the  time  involved,  some  forty-ei 
hours  at  least. 

The  method  which  I  will  now  briefly  describe  was  devised 
meet  just  such  cases,  and  is  suitable  for  the  bullion  valuation 
zinc,  iron,  nickel,  etc.,  as  well  as  the  sulphides  and  arsenides 
iron  and  copper.  To  illustrate  the  proposed  method,  which 
been  found  effective  and  useful,  the  treatment  is  detailed  fa 
crude  metallic  copper  carrying  both  silver  and  gold.  It  will 
understood  that  sodium  bromide  is  chosen  as  a  precipitant  beca 
of  the  greater  insolubility  of  silver  bromide  over  the  chloride, : 
also  that  the  soluble  lead  salt  is  added  in  order  that  the  he 
precipitate  of  lead  bromide  may  envelop  and  promptly  cany  dc 
the  silver  bromide  cloud  which  (otherwise)  would  require  It 
waiting  for  its  subsidence,  as  well  as  to  fiimish  the  lead  necess 
for  cupellation. 

Weigh  out  from  one  to  four  a.  t.,  depending  upon  its  richni 
place  it  in  a  beaker  of  500  cc.  capacity,  and  add  gradually  enoi 
acid  to  dissolve  it  completely,  heat  until  red  fumes  cease  to  cc 
off,  dilute  with  water,  and  add  50  gms.  of  lead  acetate,  stir,  ! 
when  dissolved,  add  i  cc.  dilute  sulphuric  acid  and  allow  the  I 
sulphate  to  settle.  Filter  into  a  1,000  cc.  flask,  fill  to  the  m 
with  distilled  water. 

The  fitter  contains  the  gold  which  has  been  collected  and  < 
ried  down  by  the  sulphate  of  lead.  The  filter  paper  and  prec 
tate  are  dried,  the  paper  burned,  and  the  ash  and  lead  sulpha 
scorified  with  test  lead.  The  button  is  cupelled,  and  the  g< 
with  any  trace  of  silver  it  may  contain,  is  weighed.  Add  sili 
and  part  the  gold  in  the  usual  way.  Note  the  amount,  if  any 
silver  found,  and  include  the  proper  proportion  of  the  amount » 
that  found  in  the  solutions  as  about  to  be  described. 

In  order  that  there  may  be  a  control  assay,  the  solution  is  d 
ded  into  two  equal  parts,  to  each  of  which  a  saturated  solutioi 
sodium  bromide  is  added  with  constant  stirring  as  longasapre< 
itate  is  produced.  The  precipitates  settle  quickly  and  filter  i 
wash  well.     Cold  water  only  should  be  used,  and  the  washing 
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continued  until  the  washings  are  free  from  copper.  Any  bromide 
of  lead  dissolved  during  the  washing,  may  be  neglected,  as  I  have 
never  found  it  to  contain  more  than  a  trace  of  silver,  even  when 
assaying  ores  carrying  many  thousand  ounces. 

The  precipitate  when  dry  can  be  brushed  from  the  paper  with- 
out difficulty,  and  thus  the  trouble  of  burning  the  filter  is  avoided. 

The  bromides  are  now  mixed  with  three  times  their  weight  of 
carbonate  of  soda  and  a  small  amount  of  fiour  or  other  reducing 
agent,  placed  in  a  small  crucible  covered  with  borax  glass,  and 
melted  down  in  the  muffle.  The  button  should  weigh  about  2 
gms.,  and  be  free  from  copper  and  other  injurious  impurities. 
This  button  is  cupelled  at  a  low  temperature,  so  that  the  cupel 
"feathers*'  nicely.  The  time  required  is  from  three  to  five  min- 
utes. Duplicate  assays  usually  agree  within  two-tenths  of  an 
ounce  per  ton. 

The  following  examples  are  from  copper  bullion  : 

Oe.  Silver.     Oz.  Silver.    Oz.  Gold. 

No.  I 61.30  61.20  .10 

No.  2 63.45  63.30  .17 

Had  the  gold  button  contained  silver,  one-half  of  its  silver  con- 
tents would  have  been  added  to  the  silver  recovered  from  the  so- 
lutions, since  the  gold  is  estimated  on  the  whole  weight,  while 
two  determinations  of  silver  are  made  on  the  same  weight. 

The  following  is  an  example  from  a  silver-bearing  cast-iron  from 
the  U.  S.  Mint  at  Philadelphia.  It  was  dissolved  in  nitric  acid, 
diluted,  and  precipitated  with  lead  and  sodium  bromide.  After 
washing,  the  bromides  were  dried  and  brushed  from  the  filter. 
^0.  I  was  mixed  with  10  gms.  of  litharge,  a  little  flour,  the 
usual  amount  of  soda,  and  covered  with  borax.  Melted  down  and 
cupelled,  the  button  gave  30.80  ounces  per  ton.  No.  2  was  mixed 
with  test  lead  and  borax  and  scorified.  It  gave  29.90  ounces  per 
to,  .90  of  an  ounce  less  than  No.  i.  However,  this  would  be 
considered  a  very  close  agreement  by  the  old  method. 

The  following  is  an  ore  from  Colorado,  very  base,  and  with  a 
gangue  of  sulphate  of  barium.  It  proved  very  unsatisfactory  to 
^^^y  by  scorification,  duplicates  not  agreeing  at  all.  The  ore 
was  treated  with  nitric  acid  and  filtered,  the  residue  being  as- 
^yed  separately. 

The  following  are  my  results  : 
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FRAME  FOR  ELECTROLYTIC  DETERMINATIONS. 

BT  G.  K.  Mbbkkb. 

This  frame  is  designed  to  unite  convenience  in  handling  the 

dishes  and  positive  electrodes,  ease  in  brightening  the  contacts, 

and  such  simplicity  in  make  and  material  as  will  render  it  easily 

set  up  from  what  is 

at  hand   in  nearly 

all  laboratories. 

It  consists  of  a 
wire  triangle  to  sup- 
port the  platinum 
dish,  and  a  coil  of 
wire  to  hold  the 
positive  electrode  in 
position — both  the 
triangle  and  the  coil 
being  supported  by 
a  suitable  frame  of 
wood,  as  shown  in 
the  cut.  An  auger 
hole  may  be  bored 
in  the  bottom  of  the  frame  directly  beneath  the  triangle  to  admit 
the  tube  of  a  Bunsen  lamp  for  furnishing  heat  in  cases  where  it  is 
desired  to  precipitate  the  metal  from  a  hot  solution. 

The  frame  figured  above  was  made  from  an  old  50  lb.  bichro- 
mate box.  It  is  15  inches  long,  6  inches  high,  and  6)4  inches 
wide.  The  long  pieces  which  support  the  triangles  are  made  of 
fi  inch,  and  the  rest  of  the  woodwork  of  J^  inch  material.  The 
triangles,  b  and  c,  and  the  coils,  d  and  e,  are  made  of  No.  1 1  cop- 
per wire  (or  any  fairly  heavy  wire).  The  triangle  can  be  made  in 
one  piece,  but  it  is  easier,  perhaps,  to  make  it  by  twisting  together 
three  equal  lengths  of  wire,  Tlie  only  disadvantage  in  using 
three  pieces  is  that  by  oxidation  the  contact  may  possibly  become 
poor.  Each  side  of  the  triangle  measures  aj^  inches  inside  the 
twist.  The  coils  are  made  by  wrapping  the  wire  spirally  around 
a  piece  of  glass  tubing,  and  then  sliding  it  off.  One  end  of  the 
wire  must  remain  long  enough  to  attach  to  the  back  of  the  frame, 
so  as  to  be  held  just  over  the  triangle. 
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The  last  column  is  not  given  by  the  anthers,  but  is  calculated 
here  for  better  comparison  with  other  data.  Experiments  6,  8',  2, 
are  rejected  by  Dittmar  and  Henderson  because  of  irregularities. 
The  ten  remaining  figures  give,  in  mean,  H  =  i. 009133  ;  +  .00029. 
Experiments  7,  9,  10,  11,  12,  13,  14,  proceeded  with  the  most 
regularity,  and  are  therefore  entitled  to  the  most  confidence.  Their 
mean  is  H=  1.00882;  +.00030.  Corrected  for  a  small  amount 
of  hydrogen  occluded  by  the  copper,  this  mean  becomes  1.00848, 
or  0=  15.866,  when  H  =  i. — Proc:  PhiL  Soc,  Glasgow,  v.  22, 
i8go-'gi,  p.  :fj. 

By  Lord  Rayleigh  the  density  ratio  H  :  O  has  been  thoroughly 
redetermined,  with  all  necessary  corrections.  In  mean,  from  1 1 
weighings  of  O  and  19  of  H,  the  final  result  is  : 

H:0::  I  :  15.882. 

The  last  figure,  corrected  by  Morley*s  data  for  the  composition 
of  water  by  volume,  gives  for  the  atomic  weight  of  oxygen, 
0  =  15.880. — Proc,  Roy  Soc,,  v.  60,  April,  i8g2. 

Boron, — Atomic  weight  redetermined  by  J.L.Hoskyns-Abrahall, 
who  titrated  the  bromide.  BBr,,  with  a  standard  solution  of  silver. 

In'mean,  six  concordant  experiments  give  B  =  10.816  ;  +  .0055, 
when  Ag=  107.923  and  Br  =  79.951. — Proc.  Ckem.  Soc,  April  20, 
i8g2. 

AN  APPARATUS  FOR  DETERMINING  THE  LIABILITY 
OF  OILS  TO  SPONTANEOUS  COMBUSTION.* 

By  Bixbn  h.  Richards. 

In  1877-79  the  New  England  Cotton  Manufacturers*  Association 
and  the  Boston  Manufacturers*  Mutual  Fire  Insurance  Company 
took  up  the  question  of  the  conditions  under  which  the  oxidation 
of  oils,  dye-stuffs,  etc.,  in  contact  with  easily  inflammable  mate- 
rials, such  as  cotton  in  bales,  cotton  waste,  rags,  etc.,  was  most 
likely  to  occur,  with  a  view  to  better  protecting  themselves  from 
loss  and  to  insure  a  more  efficient  inspection.  The  problem  was 
submitted  to  Prof.  Ordway,  of  the  Institute  of  Technology,  who 
suggested  a  form  of  laboratory  apparatus  to  experimentally  deter- 
mine the  facility  with  which  oils  oxidize  under  favorable  conditions. 
From  the  results  of  the  investigations  of  Mr.  William  B.  Albright, 

•From  the  Technology  Quarterly,  Dec.  1891. 
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Class  of  '77,  and  Mr,  Frederick  W,  Clark,  Class  of  '79,  a  proo 
was  perfected  which  has  been  used  by  me  ever  since  in  detenu 
ing  all  test  cases  which  have  come  up  in  connection  with  this  '. 
surance  Company,*  The  first  general  conclusions  were  stated 
Professsor  Ordway,  under  whose  direction  the  experiments  w 
carried  on,  in  the  Proceedings  of  the  New  Gngland  Cotton  Mat 
fecturers'  Association,  October  30,  1878  (No.  25).  The  final 
port  was  made  December  i,  1884,  in  Special  Report  No.  18,  B 
ton  Manufacturers'  Mutual  Fire  Insurance  Company, 

The  requirements  of  an  apparatus  for  laboratory  use,  1.  e.,  1 
too  large,  safe  for  use  in  an  ordinary  room,  enabling  a  test  to 
made  in  a  working  day  of  eight  hours,  easily  managed  and  ca] 
ble  of  giving  uniform  and  reliable  results,  are  fulfilled  in  the  < 
shown  in  the  following  sketch : 


The  apparatus  consists  of  a  six-inch  wrought-iron  tube  of  thi 
gas  pipe,  two  feet  long,  closed  at  each  end  by  discs  of  wood 
four-inch  tube  of  thin  sheet  iron  closed  at  each  end  with  an  ov 
lapping  metal  cover  is  contained  in  this,  leaving  an  inch  air  sp 
around  it  and  three  inches  at  the  ends.  Both  tubes  are  perioral 
for  the  insertion  of  the  three  thermometere.  The  apparatus  tt 
be  conveniently  supported  upon  tripods,  and  is  heated  by  a  Bun: 


Lnd  Boll  rug 
.    Tbednc 


only  BTslleble  record*  of  experiments  were  tl 
Ince,  pobllshed  In  the  Bulletla  of  llie  Ind 
in  of  the  apparatus  and  quantitiei  uaed  In 
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burner  placed  midway  between  the  ends.  The  entire  apparatus 
may  be  inclosed  in  a  shield  if  the  place  is  draughty.  The  diame- 
ter of  the  inner  tube  permits  the  use  of  fifty  grams  of  cotton  waste 
(such  as  is  used  to  clean  machinery),  to  which  is  added  an  equal 
weight,  fifty  grams,  of  the  oil  to  be  tested.  The  oil  is  evenly  dis- 
tributed by  careful  manipulation,  the  waste  rolled  compactly  but 
not  too  tightly,  and  pushed  into  the  end  of  the  tube,  which  it 
should  fill  so  that  gentle  pressure  is  required  to  move  it.  The 
bulb  of  the  thermometer  is  now  carefully  inserted  into  the  middle 
of  this  ball.  The  metal  cover,  which  should  fit  loosely  so  as  to 
admit  a  little  air,  but  affording  protection  firom  currents,  is  put  on, 
and  then  the  outer  cover  of  wood.  A  blank  of  unoiled  waste  is 
placed  under  the  same  conditions  at  the  other  end.  The  ther- 
mometer in  this  blank  should  not  be  permitted  to  rise  above  100° 
or  101°  C.  at  the  most.  To  have  it  reach  this  temperature,  the 
thermometer  must  be  kept  at  about  1 25°.  Since  the  balls  of  waste 
are  equidistant  from  the  source  of  heat,  the  necessary  conditions 
are  fulfilled  if  there  are  no  draughts  to  blow  the  flame  or  cool  one 
end  of  the  cylinder. 

In  this  apparatus  anything  which  can  be  finely  divided — shav- 
ings, leather,  skeins  of  dyed  yam  or  rolls  of  dyed  cloth — may  be 
readily  tested.  Paper  pulp,  boards,  and  other  carbonizable  sub- 
stances may  be  tested  at  a  higher  degree  of  heat  for  inflammability. 
Coal  has  not  been  subjected  to  experiment  in  it. 

The  results  of  greatest  practical  value  obtained  in  the  use  of  this 
apparatus  have  been,  first  determining  the  cause  of  fires ;  and  sec- 
ond, determining  the  degree  of  safety  of  the  various  oils  used  in 
manufacturing.  Mineral  oil,  as  is  well  known,  is  not  liable  to 
spontaneous  combustion ;  and  a  certain  percentage  of  animal  or 
vegetable  oil  may  be  added  to  mineral  oil  without  materially  in- 
creasing the  danger  under  ordinary  circumstances.  This  percen- 
tage varies  according  to  the  oil ;  with  neat's-foot  and  first  quality 
lard  oil  some  50  to  60  per  cent,  may  be  used.  With  cotton-seed, 
not  over  25  per  cent,  is  allowable.  The  claim  so  often  made  for 
so-called  "safe**  oils,  said  to  have  been  changed  by  special  and 
secret  processes  of  refining  so  as  to  be  no  longerdangerous,  is 
easily  exposed  by  this  test. 

Massacrusbtts  Institute  op  Tbchnolooy, 
February,  1892. 
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WATER  ANALYSIS. 

r  B/Graint  per  V.  S.  GatlaH  (tg jiS  Grains)  and  Imperial  a 
irai'Ht)  Corrapondiiig  to  Miiligrams  per  Lilers, 
Bv  Thos.  B.  Stillh&n. 

«r^er.  Imperii!  |  ^^ 


0.3500 

0.5600 
0.6300 

0.7700 

0.9800 
1.0500 


1-3300 

1.4700 
1.5400 


2.3100 
1.3800 

a.45O0 
2.5300 
2-5900 
a.66oo 
2.7300 


3,1900 
3,3600 
3'43oo 


.0583 
0.1166 
0.1749 
0.3332 
0.2915 
0-3499 


0.6414 

o:S 

0,8165 
0,8747 
0.9330 
09914 
1,0497 
i.ioBo 
1.1663 

1.3839 

i-34'3 
'■3996 
'■4579 
1.516* 
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1.6913 
I  ■7495 


a-3745 
2-33*7 
a.3910 
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2,5076 
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2,6826 
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^■8575 
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AN  AUTOMATIC  WATER  STlLL. 

To  those  using  distilled  water  this  automatic  .water  still  will  be 
found  both  convenient  and  economical ;  being  self-regulating,  does 
not  require  attention  when  in  use,  and  it  also  has  the  advantage 
of  being  easily  cleaned.     The  retort  has  a  well  fitted  cap  which    * 
can  be  removed  to  admit  the 
hand.     The  water    supply 
pipe  to  the  retort  is  provi- 
ded with  a  screw  cap  at  the 
elbow,    which   allows  both 
tubes  to  be  cleaned.    The 
inner  tube  of  the  condenser 
can   be  taken  out  by   un- 
screwing same,  making  all 
parts  of  the  apparatus  acces- 
sible.    The  retort  and  con- 
denser revolve  on  the  iron 
support,  and   any  scale  or 
deposit    may    be    removed 
without   unfastening    the 
clamp.     It  is  well  made  of 
heavy    copper,   tin-lined 
throughout. 
TO  OPERATE  THE  STILL. 
Connect  the  stop-cock  to 
the  water  supply  by  means 
of  rubber  tubing,     .^.ttach 
sufficient  rubber  tubing  to 
the  overflow  (upper  bent) 
pipe  to  conduct  the  cooling  water  to  a  sink  or  waste  pipe.     Turn 
on  the  water  so  that  it  flows  out  at  the  overflow  tube,  sufficient  to 
keep  the  condenser  cool.     Gas  connection  to  Bunsen  burner  can 
be  made  with  rubber  tubing.     The  still  is  so  arranged  that  the 
water  in  the  retort  is  maintained  at  a  constant  level,  and  being 
small  in  quantity,  is  quickly  heated  to  boiling ;  the  steam  is  con- 
densed and  delivered  from  the  distilled  water  outlet  (lower  bent) 
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tube.  The  quantity  produced  exceeds  one-half  gallon  per  h 
This  apparatus  fitted  with  burner  for  gasoline  or  gas  mac 
gas,  may  also  be  obtained.  Both  forms  are  supplied  by  E 
aids  &  Co.,  Chicago  and  New  York. 

NOTES  UPON  THE  ESTIMATION  OF  CHLORINE  1 
ELECTROLYZED  SOLUTIONS.* 

Bv  L.  M.  Norton.  Ph.  D. 

The  numerous  experiments  made  during  the  last  few  years  v 
the  production  of  chlorine,  hypochlorites  and  chlorates  by  the  i 
trolysis  of  solutions  of  chlorides,  have  brought  into  the  band 
analysts  solutions  containing  chlorine  in  several  combinations 

It  has  been  found  that  rapid  volumetric  methods  for  the  d< 
mination  of  the  combinations  in  which  the  chlorine  existed  wt 
necessity  where  such  solutions  were  to  be  frequently  tested, 
the  writer  thinks  that  a  description  of  the  methods  he  has 
ployed,  while  they  contain  little  that  is  new,  may  be  of  intere; 
chemists  who  deal  with  similar  problems. 

By  the  direct  electrolysis  of  aqueous  solutions  containing  sod 
chloride  at  ordinary  temperatures,  solutions  are  obtained  wl 
contain  sodium  chloride,  sodium  hypochlorite  and  sodium  chloi 
and  this  general  action  is  undoubtedly  true  in  regard  to  o 
chlorides.  A  most  careful  examination  has  failed  to  show  the  f 
ence  of  sodium  chlorite  in  solutions  thus  prepared.  If,  howe 
the  temperature  is  raised  to  50°-55''  C.f  the  solution  coQt 
mainly  sodium  chloride  and  sodium  chlorate. 

Such  solutions  may  be  very  conveniently  examined  by 
methods  described  below. 

ESTIMATION    OF  CHLORINE    COMBINED   AS    HYPOCHLORITE 

A  quantity,  25  cc.  for  example,  of  the  solution  is  measured 
and  titrated  in  the  ordinary  manner  with  a  sodium  arsenitesolui 
of  known  strength.  The  solution  after  the  titration  must  be  ; 
served  for  the  determination  of  the  chloride  present. 

From  the  equation : 

As,0,-|-  CaCl,0, = As,0,+ CaCl, 
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the  quantity  of  chlorine  combined  as  hypochlorite  may  be  calcu- 
lated. 

ESTIMATION  OF  CHLORINE  COMBINED  AS  CHLORIDE. 

The  portion  of  the  original  solution  which  has  been  titrated  with 
sodium  arsenite  is  now  conveniently  made  up  to  a  known  volume 
and  an  aliquot  part  is  taken.  To  this  part  a  solution  of  pure  po- 
tassium chromate  is  added,  and  the  solution  then  titrated  with  sil- 
ver nitrate  of  known  strength.  The  presence  of  arsenic  compounds 
does  not  interfere  with  this  titration  in  any  way ;  in  fact,  sodium 
arsenite  may  be  used  as  an  indicator  in  the  place  of  potassium 
chromate,  and  equally  good  results  may  be  thus  obtained. 

The  figures  furnished  by  the  titration  with  silver  solution  give 
the  chlorine  present  as  chloride  and  hypochlorite  together  in  the 
original  liquid.  By  subtracting  the  chlorine  combined  as  hypo- 
chlorite from  the  chlorine  shown  by  the  titration  with  silver  solu- 
tion, the  chlorine  present  per  cubic  centimeter  as  chloride  is  read- 
ily obtained. 

ESTIMATION  OF  THE  TOTAL  CHLORINE. 

It  might  seem  at  first  thought  that  the  total  chlorine  could  be 
obtained  by  the  titration  of  the  original  solution  which  had  been 
electrolyzed ;  but  this  is  not  the  case,  as  during  the  electrolysis  of 
a  chloride  solution  there  is  a  decrease  in  its  volume  caused  by  the 
rise  in  temperature  due  to  the  current,  so  that  the  contents  per 
cubic  centimeter  of  the  solution  before  and  after  electrolyzing  are 
not  comparable,  unless,  in  the  latter  case,  the  solution  is  carefully 
brought  to  its  original  volume  by  the  addition  of  water.  A  further 
error  is  unavoidably  introduced  by  a  loss  of  chlorine  due  to  its 
escape  directly  into  the  air  during  the  electrolysis,  a  loss  which  the 
writer  has  always  observed  in  the  various  forms  of  apparatus 
which  he  has  used. 

As  the  solutions  under  discussion  contain  chlorine  in  two  oxi- 
dized forms  as  well  as  in  the  form  of  chloride,  it  is  of  course  evi- 
dent that  for  the  determination  of  the  total  chlorine  the  simplest 
method  will  be  the  reduction  of  the  oxidized  chlorine  compounds 
to  the  form  of  chloride,  and  a  subsequent  titration  with  silver  so- 
lution. Various  reducing  agents  have  been  recommended  from 
time  to  time  for  the  reduction  of  chlorates  to  chlorides  with  a  view 
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;queiit  titration  of  the  chlorides  with  silver  solutii 
expCTiments  the  writer  has  found  that  the  most  sal 
it  for  this  reduction  is  a  saturated  aqueous  solution 
acid.  This  was  suggested  by  Rose,  *  and  lately  Eng 
ttention  to  its  possible  use  in  this  connection,  Ch 
mpletely  reduced  to  chlorides  by  boiling  for  a  few  i 
an  excess  of  an  aqueous  solution  of  sulphurous  ac 
hout  the  addition  of  nitric  or  sulphuric  acid.  Tl 
ig  figures  were  obtained  in  the  analysis  of  a  sample 
chlorate  of  potash  by  reduction  with  sulphurous  a 
ter  acidifying  strongly  with  nitric  acid,  boiling  off 
ilphurous  acid,  followed  by  titration  with  silver  so 
manner  to  be  mentioned  below  : 
■  for  pure  KClOj. Found._ 


8.93%.  a8.7o;S,  iS.Sx^,  28.82%,  28.79;!.. 

g  the  reduction  free  acid  is  formed  in  the  chlorate  sc 
fit  is  not  added  at  the  beginning,  the  useof  potassi 
1  an  indicator,  together  with  direct  titration  with  sil 
ition,  failed  to  give  satisfactory  results.  The  figu 
owever,  were  entirely  satisfactory  if  the  reduced  so 
:ated  with  an  excess  of  silver  nitrate  solution  of  kno 
rric  alum  added  as  an  indicator,  and  the  excess  of 
ietermined  by  titration  with  ammonium  sulphoc>'an 
the  manner  recommended  by  Volhard.J 
chlorine  being  thus  obtained,  the  amount  present 
■  cubic  centimeter  is  easily  found  by  subtracting  & 
antity  the  amount  previously  ascertained  to  be  pres 
i  of  chloride  and  hypochlorite, 
practicable  to  determine  the  hypochlorite  by  means 
solution,  the  chlorine  present  as  chloride  and  hy 
ether  hy  means  of  silver  solution  as  given  above, ; 
lorite  and  chlorate  by  allowing  them  to  act  upon 
ide  in  the  way  ordinarily  described  in  the  handbool 
e  data  thus  obtained  the  amount  of  chlorine  presen 
can  then  be  calculated.  I  consider  this  process  1 
than  the  one  already  described. 
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The  writer  has  used  still  another  method  which  gives  good  re- 
sults, but  it  is  less  rapid  than  those  mentioned.  After  the  deter- 
mination of  the  hypochlorite  and  chloride  present  has  been  made, 
the  total  oxidizing  power  of  the  original  solution,  due  to  the  hy- 
pochlorite and  chlorate  contained  in  it,  may  be  estimated  by  add- 
ing a  known  quantity  to  an  excess  of  an  acid  ferrous  solution,  con- 
taining a  known  quantity  of  ferrous  sulphate,  boiling  for  a  few 
moments  in  an  atmosphere  of  carbonic  acid,  and  titrating  the  un- 
oxidized  ferrous  salt  with  potassium  permanganate  or  potassium 
bichromate.  The  oxidizing  power  of  the  original  solution  can  be 
calculated  from  the  ferrous  iron  oxidized  by  it ;  and  as  the  hypo- 
chlorite present  is  known,  the  chlorate  present  can  be  calculated. 

ABSORPTION  OF  CHLORINE. 

In  testing  the  efficiency  of  electrolytic  chlorine  generators  it  is 
most  convenient  to  absorb  the  chlorine  produced  in  sodium  hy- 
drate solution.     The  amount  of  chlorine  already  present  in  the  al- 
kaline solution  should  be  determined  by  a  preliminary  analysis. 
The  alkaline  solution  which  absorbs  the  chlorine  will  contain  it 
mainly  as  hypochlorite,  but  also  as  chloride  and  chlorate.     A 
known  fraction  of  the  absorbing  liquid  is  taken,  made  up  to  1,000 
cc.,  and  of  this  50  cc.  are  measured  and  20  cc.  of  sulphurous  acid 
solution  and  5  cc.  of  nitric  acid  added,  the  sulphurous  acid  removed 
by  boiling,  and  the  the  total  chlorine  is  then  easily  found  by  the 
niethod  described  for  the  estimation  of  the  total  chlorine  in  the 
electrolyzed  solution,  and  from  this  the  chlorine  originally  in  the 
solution  must  be  subtracted. 

I  see  no  reasons  why  the  methods  given  above  may  not  be  ap- 
plicable to  the  analysis  of  bleaching  powder  in  cases  where  the  es- 
timation of  total  chlorine  and  chloride  is  desirable. 

Massachusetts  Institutb  of  Technology, 
February,  1893. 

SEPARATION  OF  ARSENIC,  ANTIMONY,  AND  TIN.* 

By  John  Clark,  Ph.  D. 

About  a  year  ago  {Jour,  Soc,  Chem,  IndusL, iO^  444)  I  pointed 

out  that  arsenic  could  be  estimated  in  alloys  and  minerals  by  means 

ferric  chloride ;  and  I  have  now  to  lay  before  the  Society  the 

*Jonr.  Chem.  Soc.  [I/jnd.],  May.  1892. 
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experiment  which  I  have  made  to  extend  the  use  of  faric  chlor 
to  the  separation  of  arsenic,  antimony,  and  tin.  With  this  obj 
I  prepared  solutions  of  arsenious  acid,  antimony  trichloride,  i 
stannic  chloride  of  known  strength,  and  perhaps  it  is  right  tba 
should  state  that  the  strength  of  the  antimony  solution  was  del 
mined  by  precipitating  the  metal  as  sulphide  and  drying  the  p 
cipitate  at  130°.  For  this  investigation  I  have  assumed  that 
trisulphide  of  antimony,  dried  at  130°,  is  pure  Sh^,.  In  my  < 
periments,  the  above-mentioned  solutions  were  mixed  in  vari^ 
proportions,  and,  in  order  to  imitate  closely  the  conditions  in  wh 
these  metals  are  obtained  in  the  ordinary  course  of  a  chemi 
analysis,  the  mixed  solutions,  in  every  case  where  the  arsenic  \ 
estimated,  were,  in  the  first  place,  precipitated  with  sulphuret 
hydrogen,  and  the  precipitate  washed  with  water.  The  mti 
sulphides,  while  still  moist,  were  then  removed  from  the  SIter 
piercing  the  bottom  and  washed  into  a  distillation  flask  with 
percent.  HCl  (sp.  gr.  i.io).  Any  traces  still  adhering  to  the  fi! 
were  extracted  by  boiling  with  a  little  dilute  caustic  soda.  Wl 
the  filter  is  not  separated  from  the  precipitate,  the  paper  is  di; 
tegrated  and  charred  in  the  process  of  distillation,  and  some  d: 
colored  organic  compound  is  formed  which  interferes  with  the  c 
rect  separation  of  the  tin  from  the  antimony. 

Arsenic. — After  the  addition  of  the  alkaline  liquid  with  wh 
the  filter  has  been  treated,  an  excess  of  ferric  chloride,  dissolve< 
strong  hydrochloric  acid,  is  added  to  the  distillation  flask.  (1 
solution  which  I  used  for  this  purpose  was  made  by  dissolving 
part  of  solid  ferric  chloride  by  weight  in  5  parts  of  strong  hyd 
chloric  acid  by  volume,  and  the  quantity  employed  contained  ab 
3  parts  of  iron,  in  the  form  of  ferric  chloride,  for  each  part  of  mil 
sulphide.)  The  flask  is  then  connected  with  a  spiral  glass  o 
denser,  to  the  end  of  which  a  straight  chloride  of  calcium  ti 
is  attached  which  dips  into  3  or  4  ounces  of  pure  water,  and  a  fun 
safety-tube  is  used  to  prevent  the  contents  of  the  condenser  pa 
ing  back  into  the  flask,  and  to  enable  fresh  hydrochloric  acid  to 
added  without  taking  out  the  cork.  The  contents  of  the  flask 
then  distilled  to  about  one-fourth  of  their  bulk,  mixed  with  tw 
their  volume  of  strong  hydrochloric  acid,  and  again  distilled. 
remove  the  last  traces  of  arsenic,  it  is  advisable  to  again  add  m' 
strong  hydrochloric  acid,  and  distill  as  before.     At  the  end  of  1 
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third  distillation,  under  these  circumstances,  the  whole  of  the  ar- 
senic will  have  passed  over  into  the  condenser.     The  presence  of 
arsenic  is  generally  indicated  during  the  distillation  by  the  appear- 
ance of  more  or  less  of  a  yellow  precipitate  in  the  distillate  and  in 
the  tube  of  the  condenser.     This  precipitate  consists  of  a  mixture 
of  sulphide  of  arsenic  and  sulphur^  and  is  due  to  a  little  chloride 
of  sulphur  which  distills  off  along  with  the  chloride  of  arsenic,  and, 
in  contact  with  water,  is  decomposed  into  hydrogen  chloride  and 
thiosulphuric  acid,  which  in  its  turn  yields  sulphur,  sulphide  of 
arsenic,  and  sulphurous  add.     When  the  distillation  is  completed, 
the  glass  tube  of  the  condenser  is  washed,  first  with  water,  and  then 
with  a  little  weak  ammonia.     The  precipitate  is  separated  from 
the  condensed  liquid  by  filtration,  and  the  filter  is  washed  with 
dilute  ammonia,  which  dissolves  the  arsenic  trisulphide,  and  leaves 
the  bulk  of  the  sulphur.     The  filtrate,  which  will  contain  some 
sulphide  of  arsenic,  produced  by  the  action  of  the  hydrochloric  acid 
on  the  ammonical  solution  of  sulphide  of  arsenic,  is  then  treated 
with  excess  of  sulphuretted  hydrogen,  and  the  sulphide  of  arsenic 
is  collected  on  a  weighed  filter,  washed  with  water,  then  with 
methylated  spirit,   afterwards  with   bisulphide  of  carbon,  and, 
finally,  with  methylated  spirit.     The  filter  and  contents  are  then 
dried  at  loo^,  and  the  arsenic  weighed  as  arsenic  trisulphide,  As^Sg. 

Antimony, — The  distillation  flask,  after  the  removal  of  the  arse- 
nic, contains  the  antimony  as  trichloride,  and  the  tin  as. stannic 
chloride,  mixed  with  ferrous  and  ferric  chloride  and  separated  sul- 
phur. The  contents  are  passed  through  a  filter  and  washed  with 
water. 

Of  the  different  methods  which  have  been  proposed  for  the  sepa- 
ration of  antimony  and  tin,  Tookey*s,  which  is  based  on  the  pre- 
cipitation of  the  antimony  by  means  of  metallic  iron,  could  very 
easily  be  applied  ;  but,  unfortunately,  it  has  been  found  to  be  im- 
possible to  get  correct  results  by  this  method  on  account  of  the 
readiness  with  which  the  precipitated  antimony  oxidizes.  Thiele 
{Annalen,  268,  361)  has  shown  that  when  electrolytic  iron  is  used, 
the  whole  of  the  tin  is  thrown  down  along  with  the  antimony,  even 
in  the  cold ;  and  I  have  observed  that  thin  sheet  iron  frequently 
precipitates  more  or  less  tin  when  the  solution  is  concentrated. 
Loveton  {/our,  Pharm,,  17,  361)  has  pointed  out  that  sulphide  of 
antimony  is  less  soluble  in  hydrochloric  acid  than  sulphide  of  tin, 
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and  that,  in  solutions  containing  certain  proportions  of  hy^ 
chloric  acid,  the  antimony  and  tin  can  be  separated,  quantitattv< 
by  means  of  sulphuretted  hydrogen.  Loveton  recommends 
precipitation  of  the  antimony  in  a  solution  containing  half  its  \ 
ume  of  strong  hydrochloric  acid,  and  the  collection  of  the  prec 
tate  on  cotton  wool  to  prevent  the  destruction  of  the  filter  by 
hydrochloric  acid,  and  be  washes  the  sulphide  of  antimony  prec 
tate  with  a  mixture  of  i  part  of  hydrochloric  acid  to  1^4  parts 
a  saturated  solution  of  sulphuretted  hydrogen.  Loveton  opera 
only  on  alloys  which  he  dissolved  in  hydrochloric  acid  with 
assistance  of  nitric  acid  or  potassium  chlorate  ;  and  he  states  t 
the  sulphides  of  antimony  and  tin  are  subsequently  dissolt-ed 
sulphide  of  sodium,  and  electrolyzed ;  but  he  does  not  give  : 
results  to  show  the  accuracy  of  the  process. 

There  can  be  no  doubt,  however,  that  in  solutions  contain 
certain  proportions  of  hydrochloric  acid,  antimony  can  be  <x 
pletely  separated  from  tin  in  this  way ;  but  when  nitric  acid 
potassium  chlorate  is  used  to  effect  solution  it  is  not  posdble 
know  in  what  state  of  oxidation  the  antimony  exists ;  so  thai 
could  not  be  weighed  as  trisulphide  without  further  treatment. 

When  ferric  chloride  is  used  as  the  oxidizing  agent,  the  coi 
tions  are  different,  as  in  this  case  the  antimony  exists  entirely 
the  form  of  trichloride,  and  the  tin  as  stannous  chloride.  I  h: 
found,  however,  that  in  solutions  containing  half  their  volumi 
hydrochloric  acid,  it  is  diflBcult,  in  presence  at  any  rate  of  fei 
chloride,  to  precipitate  the  whole  of  the  antimony  ;  and  when 
solution  is  diluted  so  as  to  contain  less  than  one-third  of  its  i 
ume  of  strong  hydrochloric  add,  the  tin  comes  down  if  thecun 
of  sulphuretted  hydrogen  is  continued  in  the  cold  after  the  wh 
of  the  antimony  is  precipitated.  In  solutions  with  about  a  thin 
their  volume  of  hydrochloric  acid,  the  process  works  fairly  wel 
presence  of  ferric  chloride,  and  the  sulphide  of  antimony  can 
collected  on  an  ordinary  filter  without  danger. 

Antimony 0.1310^01.  o.i3S4gni. 

Tin 0.1169    "  0.1146    " 

Total o-*479  0,2500    " 
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The  principal  objectiou  to  Loveton's  process,  as  carried  out  in 
this  way,  lies  in  the  strict  attention  which  must  be  paid  to  the  pro- 
portion of  acid  and  the  necessity  of  washing  with  a  mixture  of  hy- 
drochloric acid  and  sulphuretted  hydrogen  water. 

F.  W.  Clarke  {Chem,  News,  21,  124)  has  shown  that  stannic 
sulphide,  SnS„  is  soluble  in  a  strong  solution  of  boiling  oxalic 
acid,  but  according  to  Wittstein  and  A.  B.  Clark,  jun.  {Zeit.  Anal. 
Chem,  9,  490),  the  oxalic  acid  process  does  not  give  results  of  any 
value  when  applied  to  mixtures  of  arsenic,  antimony,  and  tin.  Ac- 
cording to  F.  P.  Dewey  {Zeit,  Anal.  Ckem,  21,  14),  the  failure  of 
the  process  in  their  hands  is  due  to  the  presence  of  free  mineral 
acid,  and  he  recommends  the  neutralization  of  the  free  acid,  but 
finds  it  necessary  to  precipitate  the  antimony  twice  in  a  boiling 
oxalic  acid  solution  to  get  it  free  from  tin.  From  the  results  of 
my  experiments,  I  am  of  opinion  that  Wittstein  and  Clarke's  fail- 
ure could  not  be  due  to  a  moderate  quantity  of  free  hydrochloric 
acid,  and  I  have  come  to  the  conclusion  that  when  the  antimony 
exists  in  the  form  of  trichloride,  and  the  tin  in  the  stannic  state, 
as  in  the  present  case,  a  combination  of  F.  W.  Clarke's  and  Love- 
ton's  processes  has  advantages  over  either  of  them.  The  follow- 
ing are  the  details  of  this  method  : — The  liquid  from  which  the 
arsenic  has  been  distilled  is  filtered  to  remove  the  sulphur,  washed 
with  water  as  far  as  necessary,  then  mixed  with  oxalic  acid  (about 
20  parts  of  oxalic  acid  for  i  of  mixed  sulphides),  dissolved  in  hot 
water,  and  sulphuretted  hydrogen  passed  through  the  solution 
till  it  is  cold.  The  solution  should  not  be  heated  after  the  addi- 
tion of  the  oxalic  acid.  Instead  of  passing  the  gas  through  the 
solution,  excess  of  sulphuretted  hydrogen  water  may  be  added ; 
but  in  this  case  the  antimony  trisulphide  precipitate  should  be  fil- 
tered off  shortly  afterwards,  as,  on  standing  overnight,  reduction 
takes  place,  and  a  little  stannous  sulphide  is  apt  to  be  precipitated. 
In  the  presence  of  the  oxalic  and  hydrochloric  acid,  only  a  portion 
of  the  ferric  chloride  is  reduced,  and  the  whole  of  the  antimony  is 
precipitated  as  antitiiony  trisulphide,  Sb^Sg,  absolutely  free  from 
tin,  and  mixed  only  with  a  little  sulphur.  The  precipitate  is  col- 
lected on  a  weighed  filter,  and  may  be  washed  with  any  quantity 
of  water  without  bringing  down  tin,  and  the  filtrate  gives  no  pre- 
cipitate on  the  addition  of  a  solution  of  sulphuretted  hydrogen. 
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After  being  washed  with  water,  the  precipitate  is  washed  with 
cohol,  then  with  carbon  bisulphide,  and  finally  again  with  alcol 
the  washings  with  alcohol  and  carbon  bisulphide  being  kept » 
rate.  The  filter  and  contents  are  dried,  then  digested  in  car 
bisulphide  to  ensure  the  complete  removal  of  sulphur,  andweig 
as  antimony  trisulphide,  Sb,S, ;  small  precipitates  do  not  reqi 
to  be  digested  in  carbon  bisulphide. 

In  the  experiments  which  I  have  made  to  test  the  accurac> 
the  process,  the  precipitates  have  in  every  case  been  dried,  at  i 
and  then  at  130°,  but  I  am  of  opinion  that  when  the  antimony : 
phide  is  thoroughly  dried  at  100"  the  loss  of  weight  at  130°  is 
minute  that  in  the  case  of  small  precipitates  at  any  rate  it  ma) 
disregarded. 

Erantple. 

8b,Si  dried  at  100°.  Low  at  131^.  to»  p«-  cnt. 

(x6648gm.  o.cooi  0.015 

LOOM    "  0.003a  0.31 

0.7348    ••  ■ 

0.7840    "  0.0026  0.33 


Average  . 


In  these  experiments,  the  sulphide  of  antimony  was  in  each  ( 
removed  from  the  filter,  and  dried  first  at  lOo"  before  it  was  hea 
to  130°. 

I  am  aware  it  is  generally  believed  that  antimony  trisulphide 
tains  a  little  water  which  is  not  given  off  till  it  isconverted  into 
black  sulphide,  which  takes  place  between  200°  and  230°,  Les 
even  recommends  that  the  sulphide  of  antimony  should  be  hea 
to  this  temperature  before  it  is  weighed,  but  he  found  it  took 
much  as  nine  hours  to  get  a  constant  weight  in  a  covered  crucil 
There  can  be  no  doubt  that  antimony  trisulphide  suflfers  a  Iosf 
weight  between  200°  and  230°,  but  I  am  of  opinion  that  this 
due  not  to  water  but  to  oxidation,  for,  although'  the  loss  is  sn 
when  the  sulphide  is  heated  for  a  short  time,  it  does  not  cease 
lose  flfeight  when  heated  five  or  six  hours  daily  for  a  week  in 
open  vessel  without  the  filter,  and  it  gradually  becomes  brown 
color,  and  consists  of  a  mixture  of  oxide  and  sulphide. 

The  following  experiments  show  the  extent  to  which  oxidat 
takes  place  under  these  conditions : — 
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Weight  of  Sb|St  Loss  in  about  Sulphur  Sb^Ss 

dncd  at  130^  30  hours  in  corresponding^  to 

taken.  at  200^-230°.  residue.  the  sulphur. 

(a,)   0.7782  gram  0.0657  0.0609  0.2157 

(d.)   0.8187    "  0.0757  0.0525  Q.1859 

SbjS,  per  cent  in  residue,  (a.)  30.2  ;  (d.)  25.3. 

These  results  indicate  plainly  that  the  antimony  trisulphide  is 
gradually  converted  into  oxide  when  heated  between  200°  and  300°, 
and  that  it  is  of  no  use  to  heat  the  sulphide  to  this  temperature. 
In  my  opinion,  antimony  trisulphide,  dried  at  130*^,  is  anhydrous, 
and  the  most  convenient  form  in  which  the  metal  can  be  weighed. 
I  am  also  of  opinion  that  it  is  less  open  to  objection  than  any  of 
the  other  forms  in  which  antimony  is  frequently  estimated.  Bun- 
sen  (Anna/en,  192,  317)  has  pointed  out  that  the  temperature  at 
which  SbjOj  is  converted  into  Sb.O^  is  so  near  the  temperature  at 
which  the  Sb.O^  is  decomposed  that  he  has  given  up  this  form  as 
useless.  It  has  also  been  recently  shown  by  two  independent  ob- 
servers, J.  Thiele  (Annaien,  268,  361)  and  T.  Wilm  [ZeiL  Anal. 
Chem,^  8O9  428),  that  the  pentasulphide  of  antimony  obtained  by 
Bunsen's  process  contains  a  considerable  quantity  of  free  sulphur, 
and  I  have  referred  to  the  objections  to  weighing  antimony  as  metal. 

Tin, — ^The  filtrate  from  the  antimony  precipitate,  from  which 
the  alcohol  and  carbon  bisulphide  washings  are  excluded,  contains 
the  whole  of  the  tin  mixed  with  salts  of  iron  and  oxalic  acid.  To 
destroy  the  latter,  the  solution  is  heated,  and  solid  permanganate 
of  potash  is  added  in  small  quantities  at  a  time,  till  a  precipitate 
of  oxide  of  manganese  is  obtained  which  does  not  redissolve  on 
boiling.  Some  ferrous  salt  is  added  to  dissolve  the  oxide  of  man- 
ganese, and  a  stream  of  sulphuretted  hydrogen  is  passed  through 
the  hot  solution  till  it  is  quite  cold.  Under  these  circumstances, 
the  tin,  mixed  with  sulphur,  is  precipitated  in  a  condition  suffi- 
ciently dense  to  enable  the  precipitate  to  be  collected  and  washed 
with  water  without  showing  any  tendency  to  pass  through  the  fil- 
ter. When  thoroughly  washed,  the  filter  and  contents  are  dried, 
and  the  tin  converted  by  ignition  into  stannic  oxide,  SnO„  in  which 
form  it  is  weighed. 

The  following  are  the  results  which  I  obtained  by  this  method  : — 

No. I.  Experiment  with  known  quantites  of  antimony  trichlor- 
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ide  and  stannic  chloride  in  presence  of  oxalic  acid  and  aconsic 
ble  quantity  of  ferric  chloride : 

Antimony ...     o.ijiogm.  o.i354g;in. 

Tin 0.1170    ■■  0.119S    ■' 

Total  .....  0.3480    '■  0.2532   ■' 

No.  2.  Experiments  on  known  quantities  of  arsenic,  aDtiini 
and  tin,  precipitated  as  sulphides,  and  afterwards  treated  with 
ric  chloride  and  oxalic  acid  as  described  : — 

First.    (With  a  snail  proportion  of  Arsenic.) 

(A)  (B)  (C) 

Taken.  Found.  Found.  Found, 

Gm.  Gm.  Gm.  Gm. 

Arsenic  .   .  0.0157  0.0134  0.0174  0.0174 

Antimony  ....      0.0655  ao674  0.0646  0.0650 

Tin 0.0568  0.0575  0.0560  0.0565 

Total  ....     0.1380  0.1383  a  1380  0.1389 

Second.     (With  a  small  proportion  of  Antimony.) 

Taken ,  Found. 

Arsenic 0.0618  0.0601 

Antimony 0.0163  0.0158 

Tin 0.0585  0.0589 

Total 0.1376  0.1348 

Third.     (With  a  small  proportion  of  Tin.) 

Arsenic 0.0628  0.0612 

Antimony 0.0665  0.0646 

Tin 0.0146  o.ot6S 

Total 0.1439  0,1426 

Fourth.     (With  larger  quantities  of  the  three  Metals.) 

Taken,  Foand. 

Gm,  Gm. 

Arsenic 0.1310  0.1353 

Antimony. 0.1256  0.1253 

Tin 0.1169  0.1106 

Total 0.3735  0.3812 
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The  only  objection  to  the  process  which  I  have  described  is  the 
necessity  of  digesting  the  sulphide  of  antimony  with  carbon  bisul- 
phide to  remove  the  sulphur  produced  by  the  reduction  of  the  fer- 
ric chloride.  This  difficulty  can,  however,  by  obviated  by  reduc- 
ing the  excess  of  ferric  chloride  before  adding  the  oxalic  acid.  To 
effect  this,  I  introduce  a  narrow  strip  of  pure  sheet  iron  into  the 
solution  after  the  removal  of  the  sulphur  and  heat ;  reduction 
takes  place  in  a  few  minutes.  As  soon  as  the  yellow  color  of  the 
ferric  choride  disappears,  the  undissolved  iron  is  taken  out ;  the 
antimony,  which  comes  down  to  some  extent  before  the  ferric 
chloride  is  reduced,  is  removed  by  washing  and  rubbing,  and  to 
the  solution  containing  the  precipitate,  the  hydrochlric  acid  solu- 
tion of  ferric  chloride  is  added  drop  by  drop  till  the  antimony  dis- 
solves, and  the  liquid  acquires  a  permanent,  yellowish  tint  indi- 
cating a  slight  excess  of  ferric  chloride.  The  solution  of  oxalic 
acid  (mixed  in  this  case  with  about  one-third  of  its  bulk  of  hydro- 
chloric acid)  is  then  added,  and  the  antimony  precipitated  with 
sulphuretted  hydrogen,  and  washed  with  alcohol  and  carbon  bi- 
sulphide, as  already  described. 

Under  these  conditions,  the  quantity  of  free  sulphur  is  so  small 
that  it  is  unnecessary  to  digest  the  precipitate  with  carbon  bisul- 
phide. 

Example. 

Taken.  Found. 

Gm.  Gm. 

Antimony 0.1310  0.1302 

Tin 0.1170  0.1232 

Total 4   .   .   •.    .      0.2480  0.2534    • 

The  hydrochloric  acid  is  added  to  the  oxalic  acid  solution  to 
prevent  the  tin  from  being  precipitated,  as,  in  the  absence  of  fer- 
ric chloride,  tin  is  apt  to  come  down  along  with  the  antimony  sul- 
phide when  too  little  free  acid  is  present. 

These  results  indicate  that  the  ferric  chloride  plays  a  very  im- 
portant part  in  the  process  ;  it  is  by  its  means  that  the  antimony 
is  always  obtained  in  the  form  of  trichloride.  The  ferric  chloride 
also  assists  in  preventing  the  precipitation  of  the  tin,  and  renders 
it  unneccessary  to  pay  strict  attention  to  the  proportion  of  free 
acid. 

For  qualitative  purposes,  it  is  not  necessary  to  employ  a  con- 
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denser  id  dtstilliag  off  the  arsenic  :  a  bent  tube  dipping  into  w 
being  sufficient,  but  it  is  advisable  to  use  a  safety-tube  to  pre 
the  distillate  passing  back. 

In  the  case  of  alloys  or  antimony  ore,  the  metal  or  mineral  is 
solved  in  strong  hydrochloric  acid  and  ferric  chloride,  and  tb 
senic  is  distilled  off  at  once.  The  sulphides  of  antimony  and 
after  being  separated  from  the  other  metals  of  the  sulpburetteij 
drogen  group,  are  estimated  as  above. 


A  RAPID  AND  ACCURATE  METHOD  OF  DETERMIN 
FAT  IN  MILK.* 

Among  the  processes  for  the  rapid  determination  of  fat  in  i 
those  employing  centrifugal  machines  have  been  most  satisfec 
A  procedure  devised  by  us  has  proved,  in  the  experience  of  o' 
as  well  as  ourselves,  to  be  rapid,  accurate,  and  economical, 
the  test,  we  employ  a  bottle  holding  about  30  cc. ,  the  neck  of  n 
is  graduated,  so  that  a  volume  of  ij4  cc.  is  divided  into  86  ( 
parts.  15  cc.  oTthe  milk  being  taken,  each  of  these  represent 
per  cent. ,  by  weight  of  butter-fet.     The  test  is  made  as  follow 

15  cc.  of  the  milk  are  put  into  the  bottle,  3  cc.  of  a  mixture 
sisting  of  equal  parts  of  fusel  oil  and  strong  hydrochloric  aci' 
added,  mixed,  and  strong  sulphuric  add  poured  in  slowly, 
agitation,  until  the  bottle  is  filled  to  the  neck.  The  liqui( 
comes  hot,  and  the  casein  is  completely  dissolved,  a  dark  red 
brown  solution  being  formed.  The  neck  is  filled  to  near  the 
point  with  a  hot  mixture  of  sulphuric  acid  and  water,  and  th( 
tie  whirled  in  the  centriiugal  machine  for  from  one  to  two  min 
Milk  very  poor  in  fat  may  require  from  three  to  four  min 
The  volume  of  fat  which  rises  in  the  neck  can  be  read  off  dirt 
or  by  the  use  of  a  pair  of  dividers.  The  points  of  these  ar 
justed  at  the  upper  and  lowerlimitsof  the  column  of  fat,  allon 
being  made  for  the  meniscus,  then,  the  dividers  being  plaa 
that  one  point  coincides  with  the  zero  of  the  scale,  the  exact 
ume  can  be  read  off.  If  but  one  test  is  to  be  made,  it  will  bt 
essary,  of  course,  in  order  to  preserve  the  balance  of  the  am 
the  machine,  either  to  make  duplicate  mixtures,  or  to  fill  the  < 
test-bottles  with  diluted  sulphuric  acid, 

■Proin  The  Analyst.  May.  1X9}. 
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We  give  herewith  the  results  of  comparative  tests  with  the 
Adams'  method,  care  being  taken  that  the  paper  used  was  free 
from  any  extractable  matter.  The  bottles  employed  in  these  tests 
were  divided  into  100  parts,  and  the  figures  here  given  were  ob- 
tained by  multiplying  by  the  factor  0.86.  (As  noted  above,  we 
now  use  a  bottle  divided  into  86  parts,  and  thus  save  calcula- 
tions.):— 

Whole  Milk. 


Sample.  Fat  by  Adams*  Methcxl.    Pat  by  Centrifu^l  Method 

No.  I 3.534  \  3.56 

3-56 


No.  2 3.90  \  3.89 

3-95 


f3-5 
i3.5 
1 3-5 

f3.! 
i3-< 


•97 
No.  3 3.03  \  2.97 

•93 

Skimmed  and  Watered  Milk. 


l2.( 


No.  4 


0.56  l^-si 

^  \o-5i 


Another  determination  was  made  of  sample  No.  4  by  boiling 
down  to  one-half  volume,  and  treating  by  the  method,  the  results 
being  calculated  to  the  original  volume.  This  gave  0.55  per  cent. 
offot. 

Tests  were  made  to  determine  the  effect  of  longer  rotation  in  the 
examination  of  milks  poor  in  fat.  Thus,  by  four  minutes*  whirl- 
ing, the  last  sample  gave,  without  previous  concentration,  0.55  of 
fat. 

Comparisons  have  also  been  made  between  the  results  of  this 
method  and  the  figures  for  fat  as  determined  by  calculation  from 
the  specific  gravity  and  total  solids  (Hehner  and  Richmond's  tables. ) 

Sample.  Fat  by  Calculation  Pat  by  Centrifugal 

A.  and  R.  Method. 

No.  5 3.60  3.61 

No.  6 4.15  4.10 

We  find,  as  a  result  of  many  tests,  that  with  bottles  accurately 
graduated,  and  reasonable  care  in  manipulation,  especially  suflB- 
cient  rotation,  results  will  be  obtained  within  o.  i  per  cent,  of  those 
of  the  standard  methods. 

715  Walnut  St.,  Philadrlpria,  Pa. 
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urged  against  these  methods  both  from  length  of  time  required  and 
danger  of  explosion.  Of  the  second  class,  or  fusion  methods  we 
find : 

1.  Acid  potassium  fluoride,  Gibbs,  Fres.  Zts,,  iii.,  328,  also  Du- 
bois, Fres,  Zts.^  iii.,  401  ;  these  chemists  use  four  to  five  times  the 
weight  of  ore  in  flux  and  fuse  from  ten  to  fifteen  minutes. 

2.  Alkaline  or  alkaline  earth  fluoride  in  conjunction  with  alka- 
line bi-sulphate,  S\l\,  Jour.  Lond,  Chent.  Soc,  xxxv.,  292  ;  Clarke 
Am,  Jour.  Sci,^  1868,  173;  Hagen,  Untersuchungen/u,  163.  The 
use  of  fluorides  requires  special  management  to  avoid  the  subse- 
quent destruction  of  glassware  and  involves  more  manipulation, 
and  skill  than  is  required  by  some  of  the  other  methods. 

3.  Potassium  bi-sulphate  alone,  Reinhardt,  Chem,  Ztg,,  xiii., 
430.  This  method  is  not  efiScient  unless  extraordinary  precau- 
tions are  taken  in  pulverizing  the  ore. 

4-  Potassium  bi-sulphate  followed  by  potassium  chlorate  and 
sodium  carbonate,  O'Neill,  Chem.  News,  1862,  199. 

5.  Potassium  bi-sulphate  followed  by  potassium  nitrate  and  so- 
dium carbonate,  Oudesluys,  Chem.  News,  1862,  254;  Hjini,  Amer. 
Jour,  Sci.  [2],  v.,  418,  adds  a  little  alkaline  nitrate  towards  the 
end  of  the  operation. 

6.  Caustic  alkali  with  or  without  the  addition  of  lime.  Pellet, 
Berg,  u  HutUnman  Ztg.,  xl.,  224;  Christomanos,  Ber.,  x.,  10, 
substitutes  magnesia  for  lime.  Morse  andDay,  Amer.  Chem.  Jour., 
iii.,  163,  advocate  the  use  of  an  iron  crucible. 

7.  Caustic  or  carbonated  alkali  in  conjunction  with  an  oxidizing 
agent.  Potassium  chlorate  is  recommended  by  Schwartz,  Annalen, 
Ixix.,  212,  and  Blodgett-Britton,  Chem,  News,  xxi.,  226.  Alka- 
line nitrate  is  recommended  by  Calvert, /i!?wr.  Lond.  Chem.  Soc, 
v.,  194  ;  Peligot,  Comptes  Rendus,  67,  871 ;  Clouet,  Compies  Ren- 
dus,  67,  762.  Barium  dioxide  is  recommeded  by  Donath,  Ding. 
Polyt.  Jour.,  cclxiii.,  245  ;  Kinn!cut  and  Patterson,  Jour.  Anal. 
Chem.  iii.,  132. 

8.  Alkaline  carbonates  with  borax,  Dittmar,  Ding.  Polyt.  Jour. 
ccxxi.,  450  and  Iron,  January,  1876,  p.  131.     The  flux  is  composed 
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c.  Take  up  with  water  containing  a  few  drops  of  nitric  acid,  add 
hydrochloric  acid  and  sulphurous  acid,  or  a  little  ammonium  sul- 
phite, boiling  out  the  excess  of  SOj. 

d.  Neutralize  with  ammonia  and  boil,  adding  a  little  ammonium 
sulphide.  Re-dissolve  in  hydrochloric  acid,  and  reprecipitate  as 
before  to  purify  the  precipitate.     Ignite  and  weigh  Cr,Og. 

Qmmenis — a.  The  flux  is  made  bv  fusing  together  two  parts  of 
borax  glass  with  three  parts  of  (dry)  sodium  and  potassium  car- 
bonates, mixed  approximately  in  proportion  of  their  molecular 
weights  (106  to  138).  After  fusing  the  mixture  is  poured  out  upon 
a  cold  surface  (a  dry  platinum  dish  floated  on  the  surface  of  cold 
water)  and  then  coarsely  powdered  for  use.  As  it  is  somewhat 
hygroscopic,  it  should  be  kept  in  a  tightly  corked  bottle.  The 
borax  makes  the  flux  somewhat  pasty,  so  that  it  holds  the  mineral 
partly  in  suspension,  and  thus  favors  the  decomposition.  A  con- 
venient form  of  dish  for  the  fusion  is  one  about  2  inches  in  diame- 
ter, and  half  an  inch  deep,  with  rounded  bottom  and  provided  with 
a  small  ear  for  grasping  with  the  tongs.  If  a  shallow  dish  of  the 
kind  is  not  available,  the  convexity  of  the  cover  of  a  large  fusion 
crucible  makes  a  very  good  substitute.  The  flux  has  practically 
no  effect  upon  the  platinum.  Over  three  hours  of  fusion  caused  in 
one  case  a  loss  of  3.5  mgms.  and  ordinarily  little  or  nothing. 

A  good  way  of  managing  the  fiision  is  first  to  melt  in  the  dish 
the  requisite  quantity  of  flux,  and  then  allow  it  to  cool ;  then 
weigh  out  the  finely  pulverized  ore,  and  by  means  of  a  feather 
brush  it  on  to  the  surface  of  the  melt,  spreading  it  as  evenly  as 
possible. 

Then  fuse  with  a  good  Bunsen  burner,  stirring  occasionally  with 
a  platinum  wire,  until  the  decomposition  is  apparently  complete. 
Thisislikely  to  requirenotoverforty  minutes,  if  the  ore  has  been  well 
pulverized,  and  the  stirring  has  been  sufficiently  frequent.  If  either 
point  has  been  neglected  it  may  require  longer.  Remove  the  heat 
temporarily,  and  as  the  mass  cools,  stir  with  the  platinum  wire 
in  such  a  way  as  to  take  a  portion  of  the  material  from  the  bottom 
of  the  melt.  As  soon  as  this  hardens  sufficiently,  withdraw  and 
examine  it  for  black  grains  of  undecomposed  ore.  If  any  are  seen, 
replace  the  test  bead  in  the  dish,  cover,  and  apply  the  heat.     The 


ANALYSIS  OF   CHROMITE. 

ial  soon  melts  off  from  the  wire,  when  the  cover  may  b 
1,  unless  the  heat  is  insufficient  to  keep  the  mass  fluid  v 
;  use.  When  decomposition  is  apparently  complete,  ren 
>at  and  allow  the  mass  to  cool. 

The  portion  soluble  in  water,  besides  the  excess  of  the 
ats  of  the  flux,  should  contain  all  of  the  chromium  as  alki 
late,  together  with  some  alkaline  manganate,  aluminate 
e.  That  insoluble  in  water  should  dissolve  completel 
lute  hydrochloric  acid.  If  some  black  grains  of  undei 
ore  remain,  they  must  be  filtered  off  and  fused  with  a 
of  the  flux  as  in  the  first  instance. 
:  evaporation  of  the  water  solution,  with  addition  of  ammoi 
B  (Genth.  Chem.  News,  vi.,  32)  causes  the  manganese  to 
as  insoluble  MnO„  the  alumina  being  at  the  same  time 
ted  as  hydrate,  which  by  the  prolonged  heating  assuir 
practically  insoluble  in  nitric  acid,  especially  when  hot. 
ddition  of  nitric  acid  and  heating  will  render  all  of  the ; 
ible,  so  that  eventually  nothing  soluble  remains  except  1 
bromate  and  nitrate. 

The  object  of  this  step  is  simply  to  reduce  the  chromium  t 
of  base.  The  presence  of  hydrochloric  acid  is  of  advar 
:  next  step,  as  it  affords  ammonium  chloride  which  favoi 
ition  of  chromium  hydrate. 

It  may  be  found  that  at  first  no  precipitate  appears  on 
ation  with  ammonia.  On  boiling,  however,  to  removi 
:  excess  of  ammonia,  chromium  hydrate  separates.  Th< 
1  of  a  little  ammonium  sulphide  fevors  the  separation. 
>itate  produced  in  presence  of  the  fixed  alkalies  is,  how 
sufliciently  pure  to  be  at  once  ignited  and  weighed, 
ng  it  requires  at  least  one  re-solution  in  hydrochloric 
e- precipitation  in  the  same  manner  as  before.  A  thii 
litation  may  be  advisable. 

ilkaline  salts  remain  with  the  precipitate,  the  error  inv' 
:  only  due  to  the  additional  weight  of  those  contamir 
ley  may  induce  a  further  increase  in  weight  due  to  the 
)rmation  of  alkaline  chromate. 
it  of  analyses  made  by  the  preceding  method  : 
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CrsOsfound.    CtjOs  calc. 
per  cent,       per  cent. 

1.  Chromite  and  Iron  Ore 4.18         4.38 

2.  •*  "       2.92  2.80 

3.  "  "       3.87  3.96 

4.  "  "       2.75  2.64 

5.  "  *'  • 2.57  2.72 

6.  "  *'        2.98  2.88 

7.  "  "        4-44  4.32 

8.  **  "        4.027        4.07 

9.  "  "        8.44  8.64 

10.  "  "        3.52  3.51 

11.  ,*  *•        2.77  2.907 

12.  "  *'        .   .    .    .    • 10.37        10.60 

These  samples  were  made  from  a  chromite  mixed  with  iron  and 
manganese  ores.  The  chromite  was  found  to  contain  57.00  and 
57.025  per  cent,  of  chromic  oxide  as  a  result  of  determination  by 
different  analysts. 


A  RAPID  METHOD  OF  DETERMINING  THE  COMPOSI- 
TION OP  LUBRICATING  OI^S.* 

By  Harold  Grippbr,  P.  C.  S. 

The  great  majority  of  the  oils  now  used  for  machine- lubricating 
are  mixtures  of  hydrocarbon  and  saponifiable  oils.  The  existing 
methods  for  the  determination  of  these  constituents  are  accurate 
and  easily  worked,  but  somewhat  tedious,  all  consisting  in  saponi- 
fication and  subsequent  separation  by  extraction  of  the  hydrocar- 
bons with  ether.  The  usual  process  (described  in  Allen's  Com- 
ntercial  Organic  Analysis,  vol.  ii.,  p.  83)  involves  saponification, 
evaporation  of  the  alcohol,  dilution  with  water  and  cooling,  sepa- 
ration in  a  separating  funnel  with  ether,  and  finally  evaporation 
of  the  ethereal  layer  and  weighing  of  the  residue.  All  this  takes 
time,  even  if  the  separation  in  the  separating  funnel  takes  place 
rapidly,  which  is  not  always  the  case. 

The  following  process  I  have  found  useful  when  a  number  of 
samples  have  to  be  examined  at  the  same  time,  and  when  results 
approximately  correct  onl}'  are  required,  as  is  often  the  case  in 
this  laboratory.  The  results  obtained  are  within  two  or  three  per 
cent,  of  the  truth.     The  method  is  simply  an  extension  of  the 

H3i€inical  News,  vol.  Ixv.,  p.  27. 
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well-known  Koettstorfer  process,  a^  gms.  of  the  sample 
saponified  in  the  usual  way  with  25  cc.  of  solution  of  alcoti 
potash  about  ^  (with  oils  containing  more  than  50  per  cen 
saponifiable  oil  the  usual  ^  strength  may  be  used).  Whet 
ponification  is  complete  the  tritration  is  made  in  the  ordinary ' 
with  -°-  HCl,  using  phenolphthalein  as  indicator,  and  a  blank 
periment  having  been  made  to  estimate  the  strength  of  the  a 
holic  potash  used,  the  percentage  of  KHO  used  by  the  samp 
calculated. 

The  saponifiable  oils  chiefly  used  in  the  making  of  mixture) 
lubricating  purposes  are : 

KHO  Ab-      SaponiG 

Brown  cotton-seed 11.17  ^S^ 

"      rape 30.03  iSo 

Neatafoot. 18.70  300 

Urd 

Tallow 

Castor 17.90  313 

The  potash  absorptions  therefore,  vary  between  17.90  per  c 
and  22.27  P^"*  cent.  It  is  necessary  to  take  the  mean  of  these 
ures  (20.08  per  cent.)  as  the  potash  absorption  of  the  unkn 
mixture  of  saponifiable  matter  in  a  lubricating  oil.  1 
™^  ^=4.98  parts  of  the  oil  are  saponifiable  by  1  part  of  K 
Therefore  if  the  percentage  of  KHO  absorbed  by  the  sampl 
multiplied  by  4.98,  the  amount  of  saponifiable  matter  present 
be  obtained.  Or  the  calculation  may  be  simplified  by  multipl; 
the  number  of  cc.  of  -°-  HCl  (corresponding  to  KHO  neutrali 
by  (0.02805X40X4.98)^^5.587.  The  proportion  of  saponifi 
oils  is  thus  obtained.  The  amount  of  hydrocarbon  oil  is  ai 
tained  by  difference. 

But  it  is  necessary  to  know  the  specific  gravity  of  the  hy 
carbon  oils.  In  order  to  estimate  this,  the  liquid  in  the  oil  i 
is,  immediately  after  titration,  raised  again  to  the  boiling  pi 
and  poured  through  a  filter  paper  which  has  been  saturated 
boiling  water.  The  alcoholic  solution  of  soap  and  KCl  will 
through  in  two  or  three  minutes,  the  hydrocarbon  oils  remai 
on  the  filter.  They  are  washed  once  with  boiling  water,  and 
specific  gravity  may  then  be  taken  by  Hager's  method.     It  is 
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necessary  to  wash  the  oil  more  than  once,  since  in  making  Hager*s 
test  the  globule  of  oil  dropped  into  the  alcoholic  liquid  is  immedi- 
ately cleansed  thereby  from  all  impurities.  The  specific  gravity 
of  the  hydrocarbon  oils  and  of  the  original  mixture  being  known, 
the  specific  gravity  of  the  saponifiable  oils  may  be  calculated  by 
difference. 

By  this  method  an  analysis  may  be  completed,  including  the 
calculation  of  results,  within  an  hour  of  the  commencement  of  the 
saponification,  and  in  examining  a  series,  it  is  of  great  advantage, 
a  dozen  samples  being  easily  completed  in  a  day.  The  only  source 
of  error  is  in  the  fact  that  the  nature  of  the  saponifiable  oil,  -and 
therefore  its  exact  saponification  equivalent,  is  unknown. 


By  Titration. 
Per  cent. 

I.  78.3  of  hydrocarbon  oil 
2 1 . 7  of  sapon  ifiable  oil 

79.4  of  hydrocarbon  oil 

20.6  of  saponifiable  oil 

78.3  of  hydrocarbon  oil 

21.7  of  saponifiable  oil 

II.  72.7  of  hydrocarbon  oil 

27.3  of  saponifiable  oil 

III.  76.6  of  hydrocarbon  oil 

23.4  of  saponifiable  oil 

IV.  65.4  of  hydrocarbon  oil 
34.6  of  saponifiable   oil 

V.  79,9  of  hydrocarbon  oil 
20.1  of  saponifiable   oil 

79.6  of  hydrocarbon  oil 
20.4  of  saponifiable  oil 

79-9  of  hydrocarbon  oil 
20. 1  of  saponifiable   oil 

VI.  56.5  of  hydrocarbon  oil 
43*5  of  saponifiable   oil 


sp.  gr. 

0.891 

0.950 

0.891 
0.955 

0.891 
0.950 

0.900 

0.973 

0.882 
0.956 

0.887 
0.966 

0.885 
0.963 

0.885 
0.962 

0.885 
0.963 

0.906 
0.966 


By  Separation  and  Weighing. 

Per  cent.  Sp.  gr. 


79.3  of  hydrocarbon  oil,  0.890 
20.7  of  saponifiable  oil,    0.957 


74.4  of  hydrocarbon  oil,  0.900 

25.6  of  saponifiable    oil,  0.979 

76.7  of  hydrocarbon  oil,  0.883 
23.3  of  saponifiable    011,0.953 

64. 1  of  hydrocarbon  oil,  0.886 
35.9  of  saponifiable   oil,  0.964 


79.8  of  hydrocarbon  oil,  0.886 
20.2  of  saponifiable    oil,  0.959 


58. 1  of  hydrocarbon  oil,  0.908 
41.9  of  saponifiable    oil,  0.965 


The  accompanying  results  were  obtained  by  the  process  de- 
scribed, and  by  the  usually  accepted  method  of  separation  with 
ether  and  weighing  the  hydrocarbons.  The  results  are  in  all 
cases  in  approximate  and  in  some  cases  in  close  agreement. 


A  METHOD  FOR  THE  ESTIMATION  OF  CHLORATI 

BV  P.   A.   GOOCH  AMD  C.   G,   SUITH. 

It  has  been  shown  in  recent  work  in  this  laboratoryf  that  u; 
conditions  properly  controlled,  arsenic  add  in  excess  is  capab 
expelling  the  iodine  from  hydriodic  acid  at  the  boiling  tenii 
ture  of  the  solution,  being  itself  reduced  correspondingly  accori 
to  the  equation 

H,AsO,-)-2HI=H,AsO,+H,0+I,. 
On  cooHng  the  liquid  remaining  after  such  treatment,  and 
tralizing,  the  arsenous  oxide  produced  in  the  reaction  may  b 
oxidized  iodometrically  in  the  usual  manner,  the  iodine  adde 
accomplish  this  purpose  being  the  exact  measure  of  the  io 
originally  present  as  hydriodic  acid  and  expelled  from  the 
solution  during  the  process  of  boiling. 

If  other  sufficiently  energetic  and  easily  decomposable  oxidi 
agents  are  present  at  the  same  time  with  the  arsenic  acid,  it  w 
be  natural  to  suppose  that  these  substances  will  act  similarly  i 
the  hydriodic  acid,  and,  furthermore,  that  the  oxidizing  pow 
the  arsenic  acid  will  not  be  called  into  play  until  that  of  the  i 
unstable  oxidizers  has  been  exhausted.  Chloric  acid,  for  exan 
acts  with  great  ease  upon  hydriodic  acid,  and  it  would  be  na 
to  suppose  that  in  a  mixture  of  chloric,  hydriodic  and  arsenic  i 
the  mutual  action  of  the  chloric  and  hydriodic  acids  will  be  n 
fest  first  and  will  go  on  steadily  tocompletion,  and  that  when 
effect  is  accomplished,  and  then  only,  the  action  of  the  arsenic 
in  liberating  iodine  from  the  residual  hydriodic  acid  and  in  regi 
ing  by  its  own  reduction  the  amount  of  iodine  thus  set  free 
appear.  It  should  be  possible,  therefore,  if  this  theory  of  the 
tion  between  these  substances  is  correct,  to  found  upon  the  me 
referred  to  for  the  estimation  of  iodine  a  method  for  the  estim; 
of  chlorates — this  to  consist  in  heating  the  chlorate,  in  add  soli 
and  under  conditions  otherwise  appropriate,  with  a  known  am 
of  potassium  iodide,  somewhat  in  excess  of  that  theoretically  eq 
lent  to  the  chlorate,  and  in  presence  of  an  excess  of  arsenic  adc 
s  oxide  produced  in  the  process  being  determined  iodc 

ept„  1891. 
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rically  and  serving  to  measure  the  amount  of  iodide  left  undecom- 
posed  by  the  chlorate.  Of  course,  the  difference  between  the 
amount  of  iodide  left  undecomposed  and  that  originally  introduced 
should  be  the  measure  of  the  chlorate  entering  into  the  reaction. 
That  a  better  form  of  iodometric  method  than  those  we  have  had 
heretofore  for  the  estimation  of  chlorates  is  desirable  is  obvious 
when  it  is  recognized  that  Bunsen*s  original  process — consisting 
in  heating  the  chlorate  with  hydrochloric  acid  and  potassium 
iodide,  distilling  and  estimating  the  iodine  collected  in  the  distil- 
late— fails  (owing  to  the  formation  of  the  comparatively  non- 
volatile iodine  chloride  in  the  simultaneous  action  of  the  oxidizer 
upon  hydrochloric  and  hydriodic  acids)  to  show  the  entire  amount 
of  iodine  corresponding  to  the  chlorate  ;  and  that  Finkener*s  sub- 
stitute for  this  process — ^which  prescribes  the  heating  of  the  chlo- 
rate, under  pressure  in  a  closed  bottle  and  in  an  atmosphere  of 
carbon  dioxide,  with  a  mixture  of  hydrochloric  acid  and  potassium 
iodide  previously  prepared  by  treatment  with  sulphurous  acid, 
boiling  and  subsequent  cooling  in  an  atmosphere  of  carbon  dioxide 
—though  excellent  when  properly  carried  out,  demands  careful 
preparation  of  materials  and  skillful  handling  in  the  execution. 

We  have  studied  the  applicability  of  the  process  outlined  above, 
and  record  our  experience  in  the  following  account. 

A  solution  of  potassium  iodide,  approximately  decinormal,  was 
standardized  according  to  the  method  to  which  reference  has  been 
made,  and  which  may  be  summarized  in  brief,  as  follows :  Portions 
of  this  solution  were  measured  from  a  burette  into  Erlenmeyer 
beakers  capable  of  holding  300  cc.,  2  gms.,  approximately,  of  pure 
dihydrogen  potassium  arseniate  were  added  in  solution,  20  cc.  of 
a  mixture  of  sulphuric  acid  and  water  in  equal  volumes  were  in- 
troduced with  enough  water  beside  to  increase  the  entire  volume 
to  a  little  more  than  100  cc.  A  platinum  spiral  was  introduced  to 
secure  quiet  boiling,  a  trap  made  of  a  straight  two-bulbed  drying 
tube  cut  short  was  hung  with  the  larger  end  in  the  neck  of  the 
flask,  and  the  liquid  was  boiled  until  the  level  had  reached  a  mark 
upon  the  flask  indicating  a  volume  of  35  cc. ,  experience  having 
shown  that  this  degree  of  concentration  is  sufiicient,  and  that  it  is 
best  not  to  exceed   it.     The   liquid  remaining  was  cooled  and 
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nearly  neutralized  by  sodium  hydrate,  acid  potassium  cartx 
was  added  to  alkalinity,  30  cc.  of  a  saturated  solution  of  this 
were  added  in  excess,  and  the  arsenious  oxide  in  solution 
titrated  by  standardized  decinomial  iodine  in  presence  of  st 
The  iodine  added  in  the  reoxidation  of  the  arsenious  oxide 
taken  as  the  exact  equivalent  of  the  iodine  expelled  in  boi 
Several  closely  ag^eing  determinations  made  in  this  ms 
served  to  fix  the  standard  of  the  solution. 

The  action  of  chloric  add  under  similar  conditions  was  t< 
by  following  out  exactly  the  process  employed  in  standard 
the  iodide,  with  the  exception  that  weighed  amounts  of  potas 
chlorate,  purified  by  recrystallization,  were  also  introduced, 
that  the  precaution  was  taken  to  have  the  potassium  iodide  pn 
in  every  case  to  an  amount  at  least  eight  and  a  half  times  as  ] 
as  that  of  the  potassium  chlorate — this  amount  being  a  little 
than  the  equivalent  weight  of  the  iodide  referred  to  the  chit 
The  experiments  involved  amounts  of  the  chlorate  ranging 
0.2  gm.  to  o.oi  gm.,  and  quautities  of  the  iodide  varying 
eight  and  a  half  to  fifty  times  those  of  the  chlorate.  The  re 
with  all  essential  details  are  contained  in  the  following  table : 


.. 

n. 

m.       IV. 

V.             VI. 

VII. 

vm. 

^8 

!i 

KI-I. 

taken,      uken. 

0m 

Us 

m 

Em 

CC. 

gm. 

gtn.           Km 

gm            gm. 

gm.' 

gm. 

gn 

a.0092      1.5356 

0  2962  1    1.2394 

ao 

a.oo92    1.5356 

i973  1   I  ■ 2383 

° 

0.1999 

1.0380    0.7934 

0570     0.7364 

..85 

0.118a 

0.8706    0.6654 

0435     0.6219 

0.1004 

26 

0.8706    0.6654 

0429  ,   0.6225 

0.1005 

0,8706    0.6654 

0435  1   0.6319 

0.1004 

0.8706    0.6654 

0435   _°:±l'9_ 

0.1004 

30 

0.5023    0.3839  1  0 

3208  j  0.0631 

0 

OlOO 

0.0  i02 

^oiooi 

0.5023    o.3«39     0 

3201  !   0.0638 

0.0103 

0.2009    0.1536     0 

0889  j   0.D647 

0,0105 

0.2009    o.r536l  0 

0903     0.0633 

0.2009    0.1536'   0 

0903     0.0633 

0.1339      O-I024I     D 

0405     0,0619 

0.1004    0.0768     0 

0157     0.0611 

0.0099 

ao 

0.1004    ooT^S 

" 

0182     0.0586 

0100 

0-0095 

o.oo< 
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The  mean  error  of  these  determinations  is  a  little  less  than 
0.0002  gm.  +,  between  extremes  of  0.0005  gm.  -f  or  0.0005  S^- 
— ,  and  the  results  are  evidently  excellent  for  an  iodometric  pro- 
cess in  which  titration  is  effected  by  decinormal  solutions.  An 
excess  of  iodide  over  an  amount  a  little  in  excess  of  the  equiva- 
lent proportion  is  without  effect.     The  process  is  rapid  and  easy. 

The  paper  upon  the  determination  of  iodine,  to  which  reference 
has  been  made  and  upon  which  this  process  is  based,  prescribes 
corrections  for  the  volatility  of  arsenious  chloride  and  the  slight 
deoxidation  of  arsenic  acid  when  chlorides  and  bromides  are  also 
present  in  considerable  amount.  In  this  process,  however,  the 
amount  of  hydrochloric  acid  evolved  from  the  maximum  weight 
of  chlorate  treated — 0.2  gm.  of  the  potassium  salt — calls  for  a  cor- 
rection so  small  as  to  be  insignificant. 
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Landis'  Volumetric  Tables.* — ^The  following  extracts  explain 

dearly  the  purpose  of  the  tables. 

"In  the  following  tables,  columns  Pe  and  Fe%  are  used  with 
Bichromate  and  Permanganate,  the  other  columns  with  the  latter 
only.  Column  Fe  gives  the  Iron,  and  may  be  used  for  CaO  by 
titrating  the  oxalate,  calculating  as  if  for  Fe,  and  dividing  by 
2  =^  CaO. 

Column  Fe%  is  used  when  i  gm.  of  ore  is  taken,  dissolved,  di- 
luted to  250  cc,  and  50  cc.  taken  for  titration,  and  gives  the  per- 
centage directly.  Column  W.  gives  the  Mn  by  Williams'  method, 
V.  the  Mn  by  Volhard's  method,  and  E.  the  Phosphorus  by  Em- 
merton's  method. 

STANDARDIZING. 

Weigh  off  1.4  gm.  ferrous  ammonium  sulphate,  place  in  beaker, 
add  water  and  sulphuric  acid,  and  titrate.  The  number  of  cc. 
used  shows  the  proper  table  for  that  strength  of  solution. 

■ 

EXAMPLES. 

The  following  examples,  taken  from  actual  practice,  will  ex- 

•Volumctric  Tables  for  Pig  Iron,  Steel  and  Ore  Analysis.    By  K.  K.  Landis,  Pottstown, 
Pa.    Leather  cover,  pocket-book  size.    Published  by  the  author.    Price,  50  cents. 
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plain  the  use  of  the  tables.  The  permanganate  solution  tool 
cc.  to  titrate  1.4  gms.  ammonium  ferrous  sulphate  ^0.2  gm 
I  gof.  of  ore  was  dissolved,  diluted  to  350  cc.,  and  50  cc.  tit 
taking  19.7  cc.  permanganate.     By  table  35.8 


35.8  cc.  ^0.2  Fe. 


^.79339608  .00274341 

J 01117318  5.58659216  .0054868a 

3  .  .  -  .     .01675977  8.37988814  .00813023 

4 02234636  11.17318432  .01097364 

5 02793295  13.96648040  .01371705 

6 03351934  16.75977648  .01646046 

7 03910613  19-55307256  .01920387 

8 04469x72  33.34636864  .03194738 

9 05037931  25.13966472  .03469069 


6458 
.0032916 
.0049374 
.0065832 
.0082290 
,0098748 
15*06 
.0131664 


279339608 
251396647' 
'955307356 


55-0279115%  Fc 
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WIBORGH'S  COLORMETRIC  SULFUR  DETERMINATION. 

By  H.  C.  Babbitt,  B.S. 

The  sulfur  method  of  Dr.  Wiborgh  is  used  exclusively  in  nearly 
all  the  large  steel  works  and  blast  furnaces  in  Sweden,  and  is  par- 
ticularly valuable  where  a  large  number  of  determinations  are  made, 
or  only  a  small  amount  of  drillings  is  available  for  analysis.  The 
principle  involved  is  the  evolution  of  hydrogen  sulfid  from  the 
sample  by  dilute  sulfuric  acid  in  a  special  apparatus,  its  absorp- 
tion in  a  cloth  saturated  with  cadmium  acetate,  and  the  compari- 
son of  the  yellow  color  of  cadmium  sulphid  with  a  set  of  standard 
colors.  With  proper  precautions,  results  agreeing  to  within  .01 
per  cent,  are  easily  obtained  in  twenty  minutes. 

The  apparatus  consists  of  a  generating  flask  of  about  250  cc. 
capacity,  with  a  side  tube  for  admission  of  acid  ;  a  cylinder,  with 
flanged  top,  ground  into  the  neck  of  the  flask,  the  upper  face  of 
the  cylinder  being  ground  flat ;  two  rubber  washers  of  55  mm. 
internal  diameter,  a  heavy  wooden  ring  somewhat  larger,  and  a 
pair  of  strong  clamps. 

The  modus  operandi  is  as  follows  :  The  weighed  sample  of  drill- 
ings, from  .8  to  .1  gm.,  is  placed  in  a  small  test  tube,  to  which  is 
attached  a  fine  platinum  wire  about  .3  mm.  diameter,  and  trans- 
ferred to  the  generating  flask,  which  is  partially  filled  with  water, 
and  placed  over  a  suitable  burner.  The  cylinder  is  then  adjusted, 
and  the  water  brought  to  boiling.  A  rubber  washer  is  then  placed 
on  the  top  of  the  cylinder,  followed  by  the  prepared  cloth,  the 
second  washer,  and  the  wooden  ring,  the  whole  being  firmlj^^ 
clamped  together.     Be  sure  the  top  of  the  cylinder  is  in  a  hori- 
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zoiital  position.     As  soon  as  the  cloth  is  moistened  and  thi 

driven  from  the  apparatus,  about   t2  cc.   dilute  sulphuric 

(i  to  4)  is  admitted  through  the  side  tube,  and  a  gentle  heat 

plied  till  the  sample  is  in  solution.     The  cloth  is  then  remo 

dried  on  a  blotting  or  filter  paper,  and  compared  with  the  st 

ard  colors.     The  proper  constniction   of 

apparatus  is  essential  to  the  accuracy  of 

determination.      The  ground   surface   of 

cylinder  must  be  perpendicular  to  its  ver 

axis,  and  the  axes  of  the  cylinder  and  gei 

ting  flask  must  coincide.     The  neck  of  the 

inder  must  be  so  large  that  condensed  d 

wilt  not  spirt  on  the  cloth,  spotting  it,  an 

small   that  the  evolved  gases  will  be  ev 

distributed  through  the  cylinder.     The  s 

diameter  of  cloth  must  always  be-expose 

the  action  of  the  evolved  gases,     A  cyli 

about  7  inches  high,  and  neck  6  to  8 

?  diameter,  fills  these  conditions  ;  and  by  u 

a  rubber  washer  55  mm,  diameter,  a  con 

lent  size  for  the   apparatus,   that   diameter  of  cloth   is  ah 

exposed. 

Preparation  of  Cloths. — The  cloth  must  be  so  close  in  ten 
that  the  evolved  gases  will  not  pass  through  without  reaction, 
must  be  so  impregnated  with  cadmium  acetate,  that  with 
maximum  amount  of  sulfur,  the  cadmium  sulfid  will  al 
formed  on  the  surface,  otherwise  comparisons  would  be  \m 
sible.  Filter  paper  was  found  to  tear  too  easily,  especially  \ 
moist,  and  linen  was  too  loose  in  texture.  Finally  a  good  qu 
of  unsized  cotton,  known  in  Sweden  as  "Prima  Hollands," 
adopted.  Various  salts  of  cadmium  were  tried,  but  the  aci 
gave  the  best  and  most  permanent  color.  The  cloths  are  cu 
mm.  in  diameter,  and  soaked  in  a  solution  of  about  5  gm: 
cadmium  acetate  to  100  cc.  of  water,  till  saturated.  They 
then  taken  out  and  laid  on  a  clean  piece  of  cloth  to  dry ; 
packed  away  ready  for  use. 

Preparation  0/ Standard  Colors. — The  darkest  color  which 
be  compared  with  any  degree  of  accuracy  corresponds  to  .1 
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cent,  sulfur  in  0.4  gms.  of  sample.  Taking  this  as  a  maximum, 
Dr.  Wiborgh  prepares  a  color  scale,  neatly  arranged  on  folding 
cards,  as  follows : 


Color  No. 

7  —  TO  per  cent  in  4  gms.  of  sample. 

6    -  .07       *'        "          **               " 

5  — .05       " 

4  =  .03       •• 

3 02       "        "          '*               •' 

2       .01       **        *•          **               " 

I  =  .005     **        *•          "               " 

By  taking  the  proper  amount  of  a  sample  of  known  sulfur  con- 
tent, the  preparation  of  these  standards  is  obvious.  To  facilitate 
calculation,  on  the  bottom  of  each  card  is  printed  the  calculation 
for  varying  weights  of  sample  taken.  Thus  if  W  =  weight  of 
sample  taken,  and  s  =  corresponding  sulfur  for  that  color. 


Color  No 

.6. 

w. 

s. 

.8  gm. 

•035 

.4    ' 

.070 

.2    ' 

:_z 

.140 

.1 

— 

.280 

.08 

.35 

.04 

.70 

.02  * 

—  I 

.40 

The  colors  most  easily  read  are  3,  4  and  5,  so  when  the  approxi- 
mate sulfur  is  known,  /.^.,  high  or  low,  an  amount  can  be  taken 
which  will  come  within  these  limits. 

The  standard  colors  and  prepared  cloths  can  be  purchased,  as 
well  as  the  glass  apparatus,  which  is  made  in  accordance  with 
Dr.  Wiborgh' s  design. 

I  wish  to  acknowledge  my  indebtedness  to  Mr.  C.  F.  Tread  way 
for  his  translation  of  Dr.  Wiborgh* s  article,  and  to  Messrs.  Bullock 
&  Crenshaw  for  the  promptness  with  which  they  imported  for  me 
the  necessary  apparatus. 


Wkllman  iRoif  &  Steel  Co., 
Thurx-ow.  Pa. 


ox  THE  MANUFACTURE  OF  THE  CINCHONA 
ALKALOIDS. 


n  part  I  of  this  paper*  the  author  endeavored  to  detai 

nomical  method  of  procedure  to  extract  the  alkaloids  fron 

:hona  bark.     la  this  part,  the  methods  of  separating  the  ; 

Is  from  each  other  on  a  commercial  scale  are  given. 

!'be  separations  of  the  several  alkaloids  are  based  on 

perties,  as  follows : 

.  Separation   of  quinin   from   cinchonin,   quinidin   and 

nidin. 

a.  Slight  solubility  of  quinin  sulphate  in  water. 

b.  Slight  solubility  of  the  normal  tartrate  of  quinin. 

.  Separation  of  cinchonidin  fixim  quinidin  and  cinchonin. 

a.  Slight  solubility  normal  tartrate  cinchonidin  in  water 
easy  solubility  tartrates  of  cinchouin  and  quinidin. 
.  Separation  of  quinidin  from  cinchonin. 

a.  Slight  solubility  of  the  acid  tartrate  of  quinidin  in  w 
.  Separation  of  cinchonin  and  quinidin  by  solution  of  quit 
)6°  B.  sulphuric  acid,  based  on  the  basic  properties  of  quin 
.  Separation  of  quinin,  cinchonidin  and  quinidin  remainin 
cinchonin  precipitate  by  treatment  with  mixed  oil. 
.  Separation  of  dissolved  and  suspended  alkaloids  from  v 
a  liquors. 

SEPARATION. 

^he  acid  solution  of  the  alkaloids  obtained  by  washing 
ced  oil  extract  with  dilute  sulfuric  acid  is  neutialized  wi 
;irated  solution  of  caustic  soda,  while  the  alkaloidal  soluti 
it  at  a  temperature  about  5°  C.  below  its  boiling  point 
tture  of  equal  parts  coarse  and  fine  bone-black  is  now  addi 
.ntity  sufficient  to  decolorize  the  solution.  The  amount  n 
y  is  easily  controlled  by  the  workman.  After  settling  an 
uore,  the  liquor  is  ready  to  run  into  the  crystallizing  boxe 
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The  kettles  or  boilers  used  for  heating  and  neutralizing  the 
liquors  are  made  like  any  ordinary  water  tank,  lined  with  lead, 
and  provided  with  agitators.  They  may  be  heated  by  steam  direct 
or  by  using  a  coil.  If  steam  is  blown  directly  into  the  solution, 
the  bottom  of  the  kettle  where  the  steam  strikes  must  be  protected 
by  a  sheet  of  copper,  and  even  then  the  lining  of  the  kettle  will 
soon  be  riddled  with  minute  holes.  When  the  steam  is  introduced 
by  a  coil,  the  lining  of  the  kettle  lasts  longer,  but  the  bottom  of 
the  kettle  is  much  more  difficult  to  clean,  as  the  steam  coil  covers 
the  bottom.  Although  to  the  author's  mind  the  practice  of  blow- 
ing steam  direct  into  the  alkaloidal  solution  is  very  pernicious, 
yet  it  is  very  general  in  this  country.  It  is  pernicious  not  only 
from  its  effect  on  the  kettle,  but  also  because  of  its  undoubted  de- 
composing action  upon  the  alkaloids.  In  England  and  on  the 
Continent  coils  are  almost  universally  used  for  heating  purposes. 
The  liquor  having  settled,  is  now  ready  to  run  into  the  crystalliz- 
ing boxes.  The  cock  inside  of  the  kettle  is  placed  about  4  or  6 
inches  from  the  inside  bottom,  which  admits  of  the  bone-black 
settling.  However,  the  liquor  must  be  strained  before  crystalliz- 
ing. Sand  strainers  were  tried,  but  were  found  too  bulky,  hard 
to  clean,  and  got  easily  choked  while  the  liquor  was  running 
through.  Finally  a  filter  bag  was  adopted  which  was  like  a  coat 
sleeve  turned  inside  out  and  cut  off  square  at  the  shoulder,  or  re- 
sembled two  hollow  cylinders,  one  inside  the  other,  and  fastened 
together  at  the  bottom,  leaving  the  center  open.  The  filter  bag 
is  applied  to  the  cock  by  inserting  the  cock  between  the  inside 
and  the  outside  cylinders  of  cloth,  thus  producing  a  filtering  sur- 
face on  the  inside  as  well  as  the  outside. 

To  crystallize,  the  neutralized  solution  of  the  alkaloids  is  run 
into  a  lead-lined  box.  This  box  may  be  one  of  many  shapes. 
The  smaller  the  box,  the  quicker  the  crystallization,  but  they  are 
more  expensive  to  produce,  and  require  a  large  floor  space.  A 
larger  box  does  not  cost  so  much  more,  and  the  crystallization 
can  be  forced  by  agitation.  These  remarks  do  not  apply  to  the 
final  crystallization  of  the  sulfate  quinin. 

A  good  shape  for  a  crystallizing  box  is  about  6  feet  square  and 
2  feet  6  inches  deep,  lined  with  8-pound  lead,  and  provided  with 
an  agitator.     Batches  run  from  the  kettles  at  a  temperature  of 
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77"  to  80°  C,  are  about  65"  to  70°  C.  when  they  reach  the  1 
talliziug  box,  and  by  running  the  agitators  during  the  night 
crystals  can  be  filtered  the  first  thing  the  next  morning. 

For  filtering,  an  A.  L-  C.  Dehne  through  extraction  filter  | 
is  all  that  could  be  desired.  For  pumping  the  crystal  mush 
the  press,  use  a  Guild  and  Garrison  "  D  "  filter  press  pump, 
combination  of  press  and  pump  produces  a  pressed  cake  ha 
from  40  to  64  per  cent,  of  moisture  in  it.  The  average  percen 
of  moisture  in  the  pressed  cake  is  about  50  per  cent.  The  cry 
from  the  first  crystallization  of  the  alkaloids  contain  an  averaj 
12.6  per  cent,  insoluble  alkaloids.  On  recrystallizing,  the  cry 
are  found  to  contain  about  5  per  cent,  insoluble  sulfates.  ' 
recrystallization  is  continued  until  the  quinin  sulphate  cry 
are  practically  free  from  cinchonidin.  The  boxes  used  for  the 
crystallization  need  to  be  shallow  and  small,  and  arranged  so 
the  crystals  can  be  rapidly  drained.  A  good  form  is  give 
Fig.  I.  It  is  sJ^  feet  long,  3  feet  wide,  and  6  inches  deep,  1 
with  4  or  6-pound  lead.  A  lead  nozzle  is  burned  to  the  lining 
to  which  may  be  fastened  a  hose  for  running  the  liquors  from 
crystals  back  to  the  tanks.  The  box  is  hinged  at  a  and  d,  so 
it  can  be  raised  at  the  rear  gradually,  to  allow  the  crystal 
drain.  When  drained,  they  are  cut  into  blocks  by  a  knife,  pi; 
on  frames  made  of  a  wooden  frame  covered  with  muslin  and  b( 
unsized  paper.  For  the  purpose  of  hastening  the  drying, 
temperature  is  kept  quite  high,  about  70°  to  80°  C,  just  suffi< 
to  slowly  dry  the  crystals  without  their  losing  their  water  of  c 
tallization.  The  drj'ing  room  must  be  provided  with  an  exh 
fan.  The  liquor  run  from  the  final  crystallization  is  used  for 
solving  crude  crystals  again. 

The  liquors  which  come  from  the  filtering  presses  are  run 
tanks  on  the  floor  below,  then  pumped  up  into  precipitating 
ties,  where  the  alkaloids  are  precipitated  with  carbonate  of  soda  (s 
ash),  the  soda  liquor  run  into  tanks,  the  precipitate  straihed 
washed,  then  dissolved  in  dilute  acid,  neutralized  and  crystalli 
This  time  the  crystals  contain  about  34  per  cent,  insoluble  a 
loids.  The  liquor  filtered  from  these  crystals  is  precipitatet 
before,  the  precipitate  washed,  and  then  dissolved,  neutralized 
crystallized,  and  this  time  the  crystals  test  about  49  per  cent 
soluble  alkaloids. 


^ 
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Byrecrystallization,  these  batches  of  crystals  are  finally  ret 
in  their  percentage  of  insoluble  alkaloids,  until  finally  the 
ready  for  final  crystallization. 

At  this  point  in  the  separation  of  the  alkaloids,  it  become 
essary  to  adopt  other  methods,  as  the  alkaloids  will  no  I 
crystallize  as  sulfates.  The  normal  tartrates  of  quinin  am 
chonidin  are  very  much  less  soluble  in  water  than  the  norma 
trates  of  cinchonin  and  quinldin.  The  liquor  from  the  cry 
which  contain  about  49  per  cent,  insoluble  alkaloids,  is  run 
a  tank,  precipitated  with  concentrated  solution  of  sodium  hyi 
the  soda  liquor  run  off,  water  added,  and  enough  tartaric  a< 
decompose  the  precipitate  ;  the  solution  miist  be  hot  durin] 
operation.  The  solution  is  nearly  neutral  when  run  inti 
crystallizing  boxes.  The  addition  of  bone-black  is  not  req 
in  any  batches,  except  those  crystallizing  as  sulfates.  Ai 
amounts  of  this  liquid  are  never  large,  even  in  a  factory  pr 
ing  7000  ounces  per  week,  a  crj'staltizing  box  3  or  4  feet  wii 
7  or  8  feet  long  and  a  foot  to  a  foot  and  a  half  deep  is  a  good 

It  may  be  necessary  to  allow  a  day  or  more  for  the  norma 
trates  of  quinin  and  cinchonidin  to  crystallize,  as  the  amor| 
alkaloid  exerts  a  retarding  influence  on  the  crystallization. 

A  filter  press  can  be  used  lo  filter  the  normal  tartrates,  but 
are  so  thick  the  plates  of  the  press  are  very  rapidly  destroy* 
account  of  the  extra  pressure  required. 

The  normal  tartrates  of  quinin  and  cinchonidin  are  deconi| 
with  sodium  carbonate,  the  sodium  tartrates  being  run  off 
tank,  to  have  the  tartaric  acid  reclaimed.  All  the  sodium  tai 
liquors  should  be  run  into  this  tank  and  then  worked  into  ta 
acid  when  the  amount  is  sufficient. 

The  liquor  from  the  normal  tartrates  contains  the  quinidii 
cinchonin,  together  with  the  amorphous  alkaloid.  The  acic 
trates  of  these  are  now  produced  by  adding  18  pounds  tai 
acid  for  every  16  pounds  used  in  producing  the  ni 
tartrates.  Heat  the  liquor  while  adding  the  tartaric  acid, 
raise  to  near  the  boiling  point  before  running  into  thecrystall 
boxes.  After  an  interval  of  twelve  to  twenty-four  hours,  th« 
tartrates  of  quinidin  and  cinchonin  separate,  resembling  a 
mush.     The  crystals  cannot  be  filtered  in  a  filter  press,  bui 
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be  filtered  in  a  centrifugal  press,  and  afterwards  washed  without 
removing  from  the  press. 

The  liquor  from  the  acid  tartrates  is  precipitated  with  sodium 
carbonate,  the  precipitate  transferred  to  a  filter,  such  as  is  repre- 
sented in  Fig.  2,  and  then  washed  with  66*^  B.  sulfuric  acid  by 
the  aid  of  a  vacuum  pump,  operated  through  the  egg  A, 

The  filter  box  (see  Fig.  2)  is  lined  with  good  heavy  lead — 14  to 
16  pounds  to  the  square  foot.  An  opening  is  left  in  the  bottom  for 
connection  with  the  exhaust  chamber.  On  the  bottom  is  put  3  to 
4  inches  coarse  gravel,  about  the  size  of  small  marbles,  divided  in 
sections  by  strips  of  wood  }i  inch  thick,  notched  on  the  bottom  thus. 


to  allow  for  the  passage  of  the  liquor  on  the  bottom  of  the  filter. 
The  strips  are  placed  from  4  to  5  inches  apart,  on  edge  with  the 
notches  down.  The  gravel  should  be  flush  with  the  top  of  the 
wooden  strips.  On  the  gravel  layer  place  a  piece  of  good  flannel, 
that  is,  free  from  cotton,  or  else  once  using  will  render  it  useless. 
Let  the  edges  of  the  flannel  piece  run  up  on  the  sides  of  the  filter 
i}^  to  2  inches.  Now  fill  on  top  of  the  flannel  clean  sand  to  the 
top  of  the  tumed-up  edge.  The  sand  must  be  packed  down  tight 
and  the  filter  must  be  washed  quite  often.  In  washing,  remove 
sand  and  gravel ;  wash  in  pail  with  dilute  sulfiiric  ^acid.  The 
filter  is  best  operated  thus : 

The  precipitate  to  be  treated  is  put  in  the  filter,  and  then  pressed 
down  all  around  the  edges  and  the  pump  started.  As  soon  as  the 
pump  begins  to  draw,  commence  pouring  the  66*^  B.  oil  vitriol  on 
the  precipitate,  taking  care  to  distribute  the  acid  evenly.  The 
add  removes  the  basic  chinoidin  by  reason  of  its  being  more  easily 
soluble  than  the  cinchonin  and  cinchonidin  and  quinidin.  The 
pump  is  run  until  all  the  acid  is  removed  from  the  precipitate, 
which  is  now  a  light  gray  color.  The  precipitate  is  now  ready 
for  extraction  by  mixed  oil,  to  separate  cinchonin  from  cinchoni- 
din and  quinidin.  This  is  done  by  placing  the  precipitate  in  a 
digester  (see  Fig.  3).  by  means  of  which  the  precipitate  is  kneaded 
with  mixed  oil  several  times,  each  time  allowing  to  settle,  and 
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the  clear  oil  drawn  off  and  put  in  tank  to  be  washed  with  dj 
sulfuric  acid. 

The  roller  of  the  dig;ester  is  so  arranged  that  it  accommoc 
itself  to  the  uneven  character  of  the  bottom  of  the  tank  cause 
the  precipitate.  The  digester  is  set  with  the  bottom  iacltnec 
ward  the  draw-oflF  spout,  to  facilitate  removing  the  charge.  V 
the  precipitate  is  thoroughly  worked,  it  is  removed  and  put  ii 
tank  and  agitated  with  a  much  larger  quantity  of  oil.  After 
eral  hours  the  ctnchonin  is  allowed  to  settle,  and  the  oil  layer 
taining  the  last^tracea  of  quinJn  and  cinchonidio  is  separated 
washed  with  dilute  sulfuric  acid. 

The  batches  of  precipitated  normal  tartrates  and  acid  tarti 
are  combined  with  sulfate  crystal  batches,  with  which  they 
respond  in  test,  and  so  on  throughout  the  manufacture  it  mu: 
the  endeavor  of  the  manager  to  condense  liquors,  precipitates 
crystals  as  much  as  possible. 

The  acid  sulfate  chinoidin  drawn  from  the  egg  of  the  filt 
precipitated  with  caustic  soda,  the  soda  liquor  removed,  and 
resinous  precipitate  evaporated  to  dryness. 

RECOVERY  OF  WASTE. 

For  a  long  time  no  endeavor  was  made  to  extract  the  alka 
remaining  in  the  bone-black  used  for  decolorizing  the  liquors, 
it  was  found  that  when  treated  in  the  same  manner  as  the  t: 
the  alkaloids  could  be  extracted.  This  is  now  being  done 
success. 

The  workmen  with  their  careless  manipulation  in  nimiinj 
a  soda  liquor  after  precipitation  of  the  alkaloids,  when  some  o 
precipitates  are  still  floating,  will  lose  a  large  amount  in  a  yi 
time.  To  avoid  this  waste,  the  soda  liquors  are  all  run 
tanks,  where  they  are  neutralized  and  precipitated  with  cai 
soda,  agitated  with  mixed  oil,  the  mixed  oil  washed  with  i 
and  the  acid  solution  of  the  alkaloids  returned  to  original 
extract,  and  thus  reclaimed. 

In  Fig.  5  is  given  a  simple  arrangement  for  controlling 
separation  of  the  oil  and  soda  liquor.  The  tank  is  filled 
mixed  oil  to  the  line,  and  then  the  soda  liquor  is  run  in,  anc 
whole  agitated.     When  settled,  the  soda   liquor  is  run  ofi 
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the  siphon  B,  When  the  liquid  reaches  the  level  of  the  top  of  the 
siphon,  air  enters  at  C,  and  the  siphon  ceases  to  work,  and  the  oil 
remains  in  the  tank. 

By  this  simple  arrangement  the  separation  of  oil  and  water  is 
complete,  and  stops  when  ended,  even  though  the  workmen  may  not 
be  present. 

The  solution  of  alkaloids  thus  obtained  is  washed  with  dilute 
sulfuric  acid,  and  the  acid  solution  of  the  alkaloids  returned  to 
the  original  liquor  for  crystallizing. 

All  soda  liquors  are  run  into  a  still,  and  the  dissolved  oil  is  dis- 
tilled off.  This  still  must  be  run  day  and  night,  and  sometimes 
two  or  more  are  necessary  to  keep  the  soda  liquors  out  of  the  way. 
They  are  of  simple  construction,  just  a  large  boiler  iron  tank  with 
a  coil  in  it,  and  an  outlet  attached  to  a  cooling  room.  The  dis- 
tillation is  worth  the  expenditure  of  money  and  space,  as  it  re- 
claims about  7  per  cent,  of  the  oil,  and  needs  no  attention  in 
working. 

All  sinks  in  the  factory  must  have  their  outlets  run  into  a  pre- 
cipitating tank,  and  the  alkaloids,  from  washing  mops,  ladles, 
shovels,  etc.,  etc.,  reclaimed.  This  is  a  most  important  point, 
and  should  not  be  neglected. 


NOTES  ON  THE  ANALYSIS  OF  THE  NITRO- 

EXPLOSIVES. 

By  P.  Gerald  Sanford,  P.I.C.,F.C.S. 

Now  that  the  various  forms  of  nitro-compounds  are  gradually 
replacing  the  older  forms  of  explosive  agents,  both  for  blasting 
purposes  and  also  as  a  propulsive  agent,  perhaps  some  notes  upon 
the  methods  for  their  analysis,  and  examination,  that  I  have  used 
and  found  to  work  satisfactorily,  may  be  of  service  to  other  chem- 
ists, who  may  be  engaged  upon  similar  work.  The  class  of  com- 
pounds that  have  come  into  the  most  extended  use  for  the  purposes 
of  mining,  blasting,  etc.,  are  the  nitro-glycerin  compounds,  more 
especially  the  gelatine  compounds,  composed  of  nitro-cellulose 
and  nitro-glycerin,  and  generally  containing  some  admixture  of 
nitrates  and  wood  pulp,  or  similar  materials. 

KIESKLGUHR   DYNAMITE. 

This  material  generally  consists  of  75  per  cent,  nitro-glycerin 
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and  25  per  cent,  of  the  infusorial  earth  Kieselguhr.  The  anal 
is  very  simple,  and  may  be  conducted  as  follows :  Weigh 
about  10  gms.  of  the  substance,  and  place  over  calcium  chk 
in  a  desiccator,  for  some  six  to  eight  days,  and  then  reweigh  ; 
loss  in  weight  gives  the  moisture ;  this  will  generally  be 
small,  probably  never  more  than  i  per  cent.  The  dry  subst 
may  now  be  wrapped  in  filter  paper,  the  whole  weighed,  and 
nitro-glycerin  extracted  in  the  Soxhlet  apparatus  with  et 
The  ether  should  be  distilled  over  at  least  twenty-four  times 
have  found,  however,  that  results  may  be  obtained  much  quic 
and  quite  as  accurate,  by  leaving  the  dynamite  in  contact  ' 
ether  in  a  small  Erlenmeyer  flask  for  some  hours, — leaving  it  ■ 
night  is  better, — and  then  decanting,  and  again  allowing  the 
stance  to  remain  in  contact  with  the  ether  for  a  few  hours, 
finally  filtering  through  a  weighed  filter,  drying  at  loo"  C, 
weighing.  This  gives  the  weight  of  Kieselguhr.  The  n 
glycerin  must  be  obtained  by  difierence,  as  it  is  quite  uselef 
evaporate  down  the  ethereal  solution  to  obtain  it,  as  it  is  i 
volatile  to  a  very  considerable  extent  at  the  temperature  of  ev 
ration  of  the  ether,  and  the  result,  therefore,  will  always  be  a 
too  low.  An  actual  analysis  of  Kieselguhr  dynamite  gave  :  M 
ure, 0.92 percent;  Kieselguhr,  26. 15 percent.;  and  nitro-glyct 
72.93  per  cent.,  this  la&t  being  obtained  by  difference. 

GELATINE  COMPOUNDS. 

The  simplest  of  these  compounds  is,  of  course,  blasting  geli 
as  it  consists  of  nothing  but  nitro-cotton  and  nitro-glycerin, 
cotton  being  dissolved  in  the  glycerin  to  form  a  clear  jelly, 
usual  proportions  being  about  92  per  cent,  of  nitro-glycerin 
per  cent,  of  nitro-cotton,  but  the  cotton  is  found  as  high  as  ten 
cent,  in  some  gelatines.  Gelatine  dynamite  and  gelignite 
blasting  gelatines  with  varying  proportions  of  wood  pulp  and 
peter  (KNO,),  mixed  with  a  thin  blasting  gelatin.  The  mei 
of  analysis  is  as  follows  1  Weigh  out  about  10  gms.  of  the 
stance,  previously  cut  up  in  small  pieces,  and  place  over  calc 
chlorid  in  a  desiccator  for  some  days.  Reweigh  ;  the  loss  eq 
moisture.  This  is  generally  very  small.  The  dried  samp] 
then  transferred  to  a  small  thistle-headed  funnel  which  has  1 
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cut  oflf  from  Its  stem,  and  the  opening  plugged  with  a  little  glass 
wool,  and  round  the  top  rim  of  which  a  piece  of  fine  platinum  wire 
has  been  festened,  in  order  that  it  may  afterwards  be  easily  removed 
from  the  Soxhlet  tube.  The  weight  of  this  funnel  and  the  glass 
wool  must  be  accurately  known.  It  is  then'  transferred  to  the 
Soxhlet  tube  and  exhausted  with  ether,  which  dissolves  out  the 
nitro-glycerin.  The  weighed  residue  must  afterwards  be  treated 
with  ether-alcohol  to  dissolve  out  the  nitro-cotlon. 

But  the  more  expeditious  method  is,  perhaps,  to  transfer  the 
dried  gelatin  to  a  conical  Erlenmeyer  flask  of  about  500  cc.  ca- 
pacity, and  add  250  cc.  of  a  mixture  of  ether-alcohol  (2  ether  to  1 
alcohol),  and  allow  to  stand  over  night.  (Sometimes  a  further 
addition  of  ether  alcohol  is  necessary,  but  not  often.)  The  undis- 
solved portion,  which  consists  of  the  wood  pulp,  and  potassium  ni- 
trate, and  other  salts,  is  then  filtered  off,  dried,  and  weighed. 

Solution, — ^The  ether-alcohol  solution  contains  the  nitro-cotton 
and  the  nitro-glycerin,  in  solution.  To  this  solution  add  excess 
of  chloroform,  when  the  nitro-cellulose  will  be  precipitated  in  a 
gelatinous  form.  This  should  be  filtered  off  through  a  linen  filter, 
and  allowed  to  drain.  It  is  useless  to  attempt  to  use  a  filter 
pump,  as  it  generally  causes  it  to  set  solid.  The  precipitated  cot- 
ton should  then  be  redissolved  in  ether  alcohol,  and  again  precipi- 
tated  with  excess  of  chloroform.  This  precaution  is  absolutely 
necessary,  as  otherwise  the  results  will  be  much  too  high,  owing 
to  the  gelatinous  precipitate  retaining  very  considerable  quanti- 
ties of  nitro-glycerin.  The  precipitate  is  then  allowed  to  drain  as 
completely  as  possible,  and  finally  dried  in  the  air-bath  at  40°  C. 
until  it  is  easily  detached  from  the  linen  filter  by  the  aid  of  a 
spatula,  and  then  transferred  to  a  weighed  watch-glass,  replaced 
in  the  oven,  and  dried  at  40  degrees  until  constant  in  weight. 
The  weight  found,  calculated  upon  the  to  gms.  taken,  g^ves  the 
percentage  of  nitro-cellulose. 

The  residue  left  after  treating  the  gelatin  with  ether-alcohol  is, 
in  the  case  of  blasting  gelatin,  very  small,  and  will  probably  con- 
sist of  carbonate  of  soda.  It  should  be  dried  at  40*^  C,  and 
weighed,  but  in  the  case  of  either  gelignite,  or  gelatine  dynamite, 
this  residue  should  be  transferred  to  a  beaker  and  boiled  with  dis- 
tilled water,  and  the  water  decanted  three  or  four  times,  and  the 
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residue  finally  transferred  to  a  tared  filter  and  washed  foi 
time  with  hot  water.  The  residue  left  upoa  the  filter  is 
pulp.  This  is  carefiiUy  dried  at  40°  C,  until  constaal 
weighed.  The  solution  and  washings  from  the  wood  are  < 
rated  down  in  a  platinum  dish  and  dried  at  100°  C.  in  thi 
and  weighed.  It  will  consist  of  the  potassium  nitrate,  an 
other  mineral  salts,  such  as  carbonate  of  soda,  which  shot: 
ways  be  tested  for  by  adding  a  few  drops  of  nitric  acid  and  : 
water  to  the  residue,  and  again  evaporating  to  dryness  ai 
weighing.  From  the  difference  in  weight,  the  soda  can  be 
lated,  sodium  nitrate  having  been  formed. 

The  nitro-glycerin  is  best  found  by  difference,  but  if  di 
the  solutions  from  the  precipitation  of  the  nitro-cellulose  n 
evaporated  down  upon  the  water-bath  at  30°  to  40"  C,  and 
dried  over  CaCl,  until  no  smell  of  ether  can  be  detected,  ai 
nitro-glycerin  weighed.  It  will,  however,  always  be  mw 
low.  An  actual  analysis  of  a  sample  of  gelatin  dynamite 
the  following  result : 

Nitro-cellulose 3.819  per  cent 

Nitro-glycerin 66.691       " 

Wood  pulp 16.360      " 

KNO, ia.390      '■ 

Water 0.540 


This  sample  was  probably  intended  to  contain  30  per  a 
absorbing  material  to  70  per  cent,  of  explosive  substances. 

Gnn  Cotlon. — Collodion  cotton,  and  other  forms  of  nitro- 
lose,  i.e.,  the  Hexa-nitro-cellulose  and  lower  nitro  bodies, 
first  thing  upon  opening  a  case  of  wet  gun-cotton,  or  in  reo 
a  sample  from  "the  poacher,"  that  requires  to  be  determii 
the  percentage  of  water  that  it  contains ;  it  is  best  done  by  » 
ing  out  about  1000  gms.  upon  a  paper  tray,  which  has  beei 
viously  dried  in  the  oven  at  100°  C.  for  some  time  and  b 
constant  in  weight.  The  tray  full  of  cotton  is  then  placet 
water  oven,  kept  at  100°  C,  and  dried  as  long  as  it  loses  ' 
The  loss  gives  the  percentage  of  water.  It  varies  from  20 
per  cent.,  as  a  rule,  in  what  i.s  known  as  wet  cotton. 

The  Solubility  Test. — The  object  of  this  test  is  to  aseertt 
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the  case  of  gun-cotton,  the  percentage  of  soluble  (penta  and  lower 
nitrates)  cotton  that  it  contains,  or  in  the  case  of  soluble  cotton, 
the  quantity  of  gun-cotton.  The  method  of  procedure  is  as  fol- 
lows :  5  gms.  of  the  sample,  which  has  been  previously  dried  at 
100°  C.  and  afterwards  exposed  to  the  air  for  two  hours,  is  trans- 
fenred  to  a  conical  flask  and  250  cc.  of  ether-alcohol  added.  The 
flask  is  then  corked  and  allowed  to  digest,  with  repeated  shaking, 
for  two  or  three  hours.  The  whole  is  then  transferred  to  a  linen 
filter,  and  when  the  solution  has  passed  through,  the  filter  is 
washed  with  a  little  ether  and  pressed  in  a  screw-press  between 
folds  of  filter  paper.  The  sample  is  then  returned  to  the  flask, 
and  the  previous  treatment  repeated,  but  it  will  be  suflScient  for  it 
to  digest  for  one  hour  the  second  time.  The  filter  is  then  opened 
up,  and  the  ether  allowed  to  evaporate.  The  gun-cotton  is  then 
removed  fi-om  the  filter  and  transferred  to  a  watch-glass,  and 
dried  in  the  water  oven  at  100°  C.  When  it  is  dry,  it  is  exposed 
to  the  air  for  two  hours  and  weighed.  It  equals  the  amount  of 
gun-cotton  and  unconverted  cotton.  In  the  5  gms.,  the  non- 
nitrated  cellulose  must  be  determined  in  a  separate  5  gms.  and 
deducted. 

ESTIMATION  OF  THE   NON-NITRATED   COTTON. 

However  well  the  cotton  has  been  nitrated,  it  is  almost  certain 
to  contain  a  small  quantity  of  non-nitrated  or  unconverted  cotton. 
This  can  be  determined  thus :  5  gms.  of  the  sample  are  boiled 
with  a  saturated  solution  of  sodium  sulfid,  and  then  allowed  to 
stand  for  forty-eight  hours,  and  afterwards  filtered  or  decanted, 
and  again  boiled  with  fresh  solution  of  sulfid,  and  again  fil- 
tered, dried  and  weighed.  The  residue  is  the  cellulose  that  was 
not  nitrated.  It  should  be  ignited,  and  the  weight  of  the  ash  de- 
ducted from  the  previous  weight. 

ALKALINITY.  > 

5  gms.  of  the  air-dried  and  very  finely -divided  sample  are  taken 
from  the  centre  of  the  slabs  or  discs  and  digested  with  about  20  cc. 
of  "  hydrochloric  acid,  and  diluted  with  water  to  about  250  cc, 
and  shaken  for  about  fifteen  minutes.  The  liquid  is  then  decanted 
and  washed  with  water  until  the  washings  no  longer  give  an  acid 
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a  little,  just  enough  to  cause  the  solution  to  flow  into  the  bulb  of 
the  measuring  tube,  when  the  tap  is  slightly  opened.  When  the 
solution  has  run  in  almost  to  the  end,  turn  off  the  tap,  wash  down 
the  sides  of  the  bottle,  and  add  to  the  cup  of  the  nitrometer ;  allow 
it  to  flow  in  as  before,  and  then  wash  down  the  sides  of  the  cup 
with  10  cc.  of  sulfuric  acid,  adding  little  by  little,  and  allowing 
each  portion  added  to  flow  into  the  bulb  of  the  nitrometer  before 
adding  the  next  portion.  Great  care  is  necessary  to  prevent  air- 
bubbles  obtaining  admission,  and  if  the  pressure  tube  is  lowered 
too  far,  the  add  will  run  in  with  a  rush  and  carry  air  along  with 
it.  The  solution  being  all  in  the  measuring  tube,  the  pressure 
tube  is  again  slightly  raised,  and  the  tube  containing  the  nitro- 
cotton-solution  shaken  for  ten  minutes  with  considerable  violence. 
It  is  then  replaced  in  the  clamp  and  the  pressure  relieved  by  low- 
ering the  pressure  tube,  and  the  whole  apparatus  allowed  to  stand 
for  twenty  minutes,  in  order  to  allow  the  gas  evolved  to  assume 
the  temperature  of  the  room.  A  thermometer  should  be  hung  up 
close  to  the  bulb  of  the  measuring  tube.  At  the  end  of  the 
twenty  minutes,  the  levels  of  the  mercury  in  the  pressure  and 
measuring  tubes  are  equalized,  allowing  about  three  inches  of  the 
sulfuric  acid  to  one  inch  of  mercury,  and  the  final  adjustment  ob- 
tained by  slightly  opening  the  tap  on  the  measuring  tube  (very 
slightly),  after  first  adding  a  little  sulfuric  acid  to  the  cup,  and 
observing  whether  the  acid  runs  in  or  moves  up.  This  must  be 
done  with  very  great  care.  When  accurately  adjusted^  it  should 
move  neither  way.  Now  read  oflF  the  volume  of  the  NO  gas  in 
cc.  fix)m  the  measuring  tube.  Read  also  the  thermometer  sus- 
pended near  the  bulb,  and  take  the  height  of  the  barometer  in 
millimeters.    The  calculation  is  very  simple. 

Example  Collodion  Cotton. 

.6  gm.  taken.     Reading  on  measuring  tube  ■=  114.6  cc.  NO. 
Barometer,  750  mm.      Temperature  15°  C. 

Since  i  cc.  NO  =  .6272  gm.  N., 
and  correcting  for  temperature  and  pressure  by  the  formula  760  X  (i  -|-  ^*) 

{d  =  .003665)  for  temperature  of  15°  —  801.78 ; 

114.6  X  100  X  750  X  .6272 

then —  11.22  per  cent.  N. 

801.78  X  .6 

Theory  —  1 1. 1 1  per  cent,  for  C«Hh(N02)205. 


==00.118  percent  i 

=   a642        •■         i  =  Nitrogen  =  ,1.67  p. 
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The  following  is  the  analysis  of  a  good  sample  of  collodio 
in  suitable  for  the  manufacture  of  blasting  gelatin,  etc.: 

Soluble  cotton 

Gun-cotton 

Non-nitrated  cotton  =    0.240        "  Totalosb  =    0.25      " 

The  nitrogen  in  nitro-glycerin  may,  of  course,  be  determin 
le  nitrometer,  but  in  this  case  it  is  better  to  take  a  much  si 
lantity  of  the  substance;  from  .1  to  .2  gm.  is  quite  sufE 
his  will  give  from  30  to  60  cc.  of  gas,  and  therefore  a  meas 
ibe  without  a  100  cc.  bulb  must  be  used. 

Example. 


801.78  X  .1048 
Theory  for  C„H,.0,(ONO,),  -■ 


SULFUR  DETERMINATIONS  BY  DIFFERENT 
METHODS. 


For  the  purpose  of  determining  which  of  the  methods  geti' 
aployed  in  the  determination  of  sulfur  iniron  or  steel  gave  the 
liformly  correct  results,  the  Crane  Iron  Co.  sent  a  part  of  a 
ily  prepared  sample  of  their  open-hearth  pig-iron,  known  i 
arket  as  "Castle"  iron,  to  some  of  the  prominent  laboratoi 
e  United  States  and  Germany,  requesting  them  to  make 
ination  of  sulfur  by  the  method  they  commonly  employ, 
suits  obtained  were  surprising,  for  they  ranged  all  the  way 
05  per  cent,  to  .024  per  cent.,  and  especially,  as  both  the  hi 
id  lowest  result  were  reported  by  men  of  recognized  auth 
hose  results  are  ordinarily  accepted  as  conclusive.  Th 
nt.  of  sulfur  as  reported  by  the  different  chemists,  together 
e  methods  employed,  are  given  below : 
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Per  cent. 
Sulfur. 

a.  Aqua  regia  method cx>5 

b.  Absorption  and  oxidation  with  bromin,  insoluble  resi- 

due treated  with  aqua  regia,  and  barium  sulfate 
precipitate  weighed 008 

c.  Absorption  and  titration  with  standard  iodin  solution     .009 

d.  Method  not  given 010 

e.  Absorption  in  alkaline  solution  of  nitrate  of  lead,  and 

weighing  the  precipitate  of  barium  sulfate on 

/.  Aqua  regia  method,  allowing  the  solution,  after  add- 
ing baritmi  chlorid,  to  stand  24  hours 012 

g.  Aqua  regia  method 012 

h.  Absorption  in  potassium  permanganate  solution  and 

weighing  the  precipitate  of  barium  sulfate 013 

i.  Absorption  in  cadmium  solution  and  titrating  with 

standard  solution  of  iodin 013 

j.  Absorption  in  potassium  permanganate  solution  and 

weighing  the  barium  sulfate  precipitate 013 

k.  Aqua  regia  method,  neutralizing  with  ammonia  pre- 
paratory to  precipitating  the  barium  sulfate,  and 
allowing  to  stand  14  hours 013 

/.   Absorption  in   cadmium  chlorid,  and  titrating  with 

standard  solution  of  iodin .015 

t;(.  Absorption  and  titration  with  standard  solution   of 

iodin 017 

n.  Absorption  in  potassium  permanganate  solution  and 

weighing  the  barium  sulfate 017 

o.  Volumetrically  details  not  given 019 

p.  Absorption   in    cadmium    sulfate   and  titration  with 

standard  solution  of  iodin 020 

q.  Aqua  regia  method 021 

r.  Absorption  in  caustic  soda  solution  and  titration  with 

standard  solution  of  iodin 022 

s.  Aqua  regia  method 024 

From  the  above  determinations,  there  is  no  apparent  advantage 
of  any  one  method  over  the  others,  the  same  methods  yielding 
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opposite  results  in  different  hands.  The  greatest  differences 
per  cent,  of  sulfur  repotted  are  those  obtained  by  the  aqua 
method.  This  should  not  be  the  case.  As  it  is  of  the  v 
importance  to  know  the  exact  amount  of  sulfur  in  the  "C 
iron,  I  have  been  employing  both  the  methods,  by  absorpt 
permanganate  of  potash,  finally  weighing  the  barium  s 
and  the  "aqua  regja  method"  on  the  sample,  occasionally, 
rapid  work  is  required  and  the  insoluble  residue  can  be  negl 
the  absorption  in  cadmium  chlorld  and  titration  with 
method.  It  is  the  exception  when  sulfur  determined  by  tl 
two  methods  disagree.  The  chief  sources  of  error  in  the 
regia  method  are,  assuming  that  the  reagents  are  pure — 

1.  The  carrying  of  the  evaporation,  preparatory  to  fiUeri 
of  the  graphite  and  silicon,  too  far,  thereby  forming  basic 
salts,  containing  sulfur,  and  insoluble  in  dilute  acid. 

2.  The  precipitation  of  barium  sulfate  in  a  too  add  sol 
thereby  retarding  the  precipitation  very  materially,  and  w 
is  the  practice  to  let  stand  only  12  to  14  hours,  low  resul 
liable  to  follow. 

3.  By  precipitating  the  barium  sulfate  in  a  too  nearly  n 
solution,  thereby  allowing  iron  to  be  carried  down  with  the  b 
sulfate. 

These  conditions,  which  contribute  more  or  less  to  error,  1 
easily  controlled  by  not  allowing  the  solution  preparatory 
tering  off  of  the  graphite  and  silicon  to  evaporate  to  less  tl 
cc.  This  evaporation  may  be  carried  on  rapidly  without  dan 
forming  insoluble  iron  salts  and  the  excess  of  free  acid  can  b 
tralized  with  ammonia,  just  before  precipitating  the  bariu 
fate.  Barium  sulfate  has  been  found  to  be  practically  i 
ble  in  ammonium  chloride,  and  when  there  is  just  enough  z 
excess  to  keep  the  iron  in  solution  the  precipitation  of  bariu 
fate  takes  place  completely  in  14  hours.  Error  seems  to 
herent  in  most  methods,  yet  careful  work,  and  the  observal 
certain  precautions,  will,  with  a  few  exceptions,  bring  aboi 
rect  results. 


THE  ANALYSIS  OB  CYLINDER  DEPOSITS. 

By  Thos.  B.  Stillman. 

The  deposits  in  steam  cylinders,  formed  by  the  decomposition 
of  lubricating  oils,  may  be  classified  as  simple  or  compound,  de- 
pending upon  whether  the  deposit  is  due  to  the  decomposition  of 
the  oil  alone  or  if  foreign  matters,  carried  over  in  the  steam  from 
the  boilers,  are  also  present. 

In  the  former  case,  carbon,  hydrocarbons,  oils,  and  iron  oxid 
are  the  principal  constituents,  whereas,  in  the  latter,  oleate  of  lime, 
carbonate  of  lime,  and  silica  are  often  present  in  addition  to  the 
former. 

The  following  analysis  of  a  sample  from  a  locomotive  cylinder 
would  indicate  a  simple  deposit. 

Moisture    ....  2.28  per  cent. 


Oils  soluble  in  ether  {^^,^,-   ;:;•■;    -54 

Hydrocarbons  insoluble  in  ether 47-97 

Fixed  carbon 23.73 

Iron  oxid  FeO 2.83 

Undetermined 1.42 

Total 100.00 
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And  the  one  given  below,  of  a  deposit  from  the  steam  cylinders 
of  a  large  stationary  engine,  would  show  that  scale  forming  mate- 
rial from  the  boilers  had  become  a  component. 

Moisture 13.12  percent. 

Oils  soluble  in  ether  { Am«al^  •   ■  •       8- '5        ;; 


Soap 2.IO 

Hydrocarbons  insoluble  in  ether 1.67 

Fixed  carbon 2.71 

Oxids  of  iron  (and  aluminum) 6.81 

Silica 3.65 

Carbonate  of  lime 43-22 

Carbonate  of  magnesia 10.17 

Undetermined 0.44 

Total 100.00 
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In  many  samples,  I  have  found  copper  and  zinc  in  the  dep 
formed  by  the  corrosive  action  of  the  liberated  oleic  acid  fron 
animal  oil  upon  the  brass  or  composition  bearings. 

This  corrosive  action  is  very  marked  where  a  poor  quality* 
bricating  oil,  composed  of  animal  or  vegetable  oil,  is  used  ;  w 
as,  a  pure  neutral  mineral  oil  has  no  acid  action  at  steam  tern 
ture.  Oftentimes  the  statement  has  been  made  to  me,  whei 
deposit  was  given  for  analysis,  "All  of  our  lubricating  oil  is 
mineral  oil ;  we  use  no  other,"  And  yet,  upon  analysis,  lar 
would  be  shown  in  comparatively  large  amounts. 

This  is  accounted  for  from  the  fact  that  while  the  consume 
lieves  he  is  using  pure  mineral  oil — which  was  sold  to  him  as 
— ^the  manufacturer  has  introduced  from  3  to  30  per  cent,  of 
oil. 

A  large  majority  of  the  so-called  "pure  mineral"  lubric 
oils  for  cylinder  use  contain  at  least  3  per  cent,  of  animal  oil ; 
it  is  the  exception  and  not  the  rule  to  find  a'"pure  mineral 
for  cylinder  lubricating  purposes. 

An  analysis  of  a  depositfi^m  the  steam  cylinder  of  a  largefr 
steamer  gave  as  a  result : 


Moisture 16.16  perci 

( Castor  oil 26.19       " 

\  Mineral 3*-5o        " 


Oil.K.l«blam«h.r  {gutorpil ,6.19 


Fijted  carbon . 

Copper 0.50  " 

Iron  oxid  (FeO) 25.10  " 

Undetermined 1,63  " 

Total 100.00       " 

Pure  mineral  lubricating  oil  was  supposed  by  the  officers  0 
vessel  to  be  the  only  lubricant  used,  and  special  care  had 
taken  to  secure  it,  but  it  appears  that  the  engineer  added  a 
amount  of  castor  oil  to  the  mineral  oil,  as,  in  his  opinion,  it 
a  better  lubricant. 

The  decomposition  of  the  castor  oil  and  liberation  of  the 
add  was  the  primary  cause  of  the  deposit. 

The  action  of  the  fatty  acids  upon  the  iron  and  metal  bea 
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results  in  diflferent  products.  That  is  to  say,  while  the  copper 
when  present  has  generally  been  estimated  as  copper  oxid,  the 
iron  may  exist  only  as  oxid  or  as  metallic  iron,  or  both. 

No  doubt  the  oleic  add  acts  to  form  salts  of  these  metals,  but  it 
is  certain,  in  many  instances,  that  when  formed,  they  are  imme- 
diately decomposed  or  partially  so,  and  a  resulting  mixture  formed 
that  is  somewhat  difficult  of  analysis. 

In  the  analysis  here  given,  it  will  be  noticed  that  the  iron  was 
found  both  as  metal  and  as  oxid. 

Moisture 3.77  percent. 

OiU  soluble  in  ether  {A^mal^   :::;:::      V9.Z        "' 

Soap traces 

Fixed  carbon 10.90        '* 

Iron  oxid  (FeO) 14.01         " 

Iron 27.85        *• 

Lead  oxid 0.82        " 

Copper  oxid' 1.07 

Undetermined 0.71 


Total 100.00 


i4 


The  evolution  of  hydrogen  by  HCl,  from  the  deposit,  after  all 
oils  and  fatty  substances  had  been  removed,  indicated  the  presence 
of  metallic  iron,  and  the  analysis  of  the  residue,  after  the  combus- 
tion of  the  fixed  carbon,  gave  figures  by  which  the  ratio  of  Fe  and 
FeO  could  be  determined.  A  portion  of  the  deposit,  after  extrac- 
tion of  oils  by  ether,  is  dried,  then  weighed,  the  hydrocarbons 
driven  off  by  heat,  and  the  amount  of  fixed  carbon  present  conver- 
ted by  combustion  with  H,SO^+CrOs  into  CO,  and  weighed,  this 
weight  being  calculated  back  to  carbon. 

Another  portion  of  the  same  residue  is  ignited  in  a  platinum 
crucible  until  the  carbon  is  all  consumed,  then  weighed.  If  the 
amount  of  carbon  found  is  small  and  iron  large,  this  weight  may 
be  larger  than  the  original  weight  of  the  residue  taken,  owing  to 
oxidation  of  metallic  iron  to  Fe^Oj. 

Knowing  the  weight  of  carbon,  and  by  making  a  determination 
of  iron  in  another  sample  before  ignition,  the  amount  of  FeO  is 
easily  found. 


analysis  of  cylinder  deposits. 
Scheme  for  Analysis  of  Cylinder  Deposits. 
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It  is  very  seldom  that  SO,  is  found  in  cylinder  deposits.  II 
sent,  it  can  be  determined  by  treating  a  sample  of  (4)  with 
filtering,  and  estimating  it  in  the  filtrate. 
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Where  qualitative  analysis  has  shown  the  deposit  to  be  a  simple 
one,  the  analysis  can  be  stated  as  follows  : 

Moisture per  cent. 

Oils  soluble  in  ether  JM^nTr^"   \   \    ,   \       ', 

Hydrocarbons  insoluble  in  ether  ......  

Fixed  carbon *' 

FeO 

Fe 


Total 


( < 


(t 


For  a  complex  deposit,  the  following  form  can  be  used : 

Moisture  .    .        per  cent. 

Oils  soluble  in  ether  { A°;»;^-  •  •       •  :::;:;: 

Soap 

Hydrocarbons  insoluble  in  ether 

Fized  carbon '* 

Fe 

FeO " 

CuO 

PbO 

ZnO 

CaO .  

MgO 

CO, 


S03 

Silica,  etc 

Total! 

Where  the  CaO  and  MgO  exist  in  amounts  more  than  necessary 
to  combine  with  the  CO,  and  SO,  present,  the  excess  may  have 
united  with  oleic  acid  to  form  soaps  insoluble  in  water,  but  soluble 
in  ether. 

In  some  instances  the  PbO  and  ZnO  will  be  found  only  in  the  ether 
soap  solution  (3),  as  lead  and  zinc  oleates,  but  in  others,  while  they 
undoubtedly  first  existed  as  oleates,  they  had  become  decomposed, 
and  the  lead  and  zinc  oxides  would  be  found  in  section  (8)  of  the 
above  scheme. 

Laboratory  of  Analytical  Chemistry, 
Stevens  Institute  of  Technolo<^y. 


TESTING  A  BURETTE. 

The  usual  directions  given  for  testing  the  accuracy  of  the 
bration  marks  on  a  burette  are  brief  and  lack  details.  The  in 
is  considered  to  be  so  simple  that  an  extended  description  ii 
aeeded.  Most  of  our  authors  on  chemical  analysis  are  parti< 
to  mention  the  necessity  of  determining  the  correctness  of  any 
umetric  apparatus,  and  the  usual  directions  are  to  weigh  the  v 
which  the  graduate  contains.  No  specifications  regarding  ei 
the  weighing  or  the  water  are  made  except,  sometimes,  an  allt 
to  a  coirection  for  temperature.  Thanks  to  the  carefulness  oi 
manufacturers,  graduated  glassware  is  ordinarily  much  nearer 
lect  than  these  brief  directions  would  discover.  Sometimes,  1 
ever,  it  becomes  necessary  to  learn  the  exact  capacity  and  thi 
;uracy  of  a  burette  or  other  graduate,  and  on  such  occasio 
aroper  method  of  determining  these  facts  is  a  desideratum.  In 
:ase,  if  the  testing  is  necessary,  it  would  seem  sensible  to  dt 
work  properly,  or  not  at  all. 

Were  it  not  for  the  changes  in  volume  of  all  matter,  eflecte 
ieat,  the  simple  weighing  of  the  water  would  suffice.  But  in 
irst  place  our  burette  on  account  of  changes  in  temperature,  vi 
000023  P^"^  ^^  '^s  volume  for  every  degree  ;  and  if  our  lahora 
s  suppposed  to  change  20*  (from  15°  to  35°,  60°  to  95°  F.)— 
ive  have  worked  in  poorly-heated  top-story  rooms  where  the 
:er  temperature  was  not  above  60°  and  the  summer  heat  ros 
)ver  100° — the  change  in  capacity  of  a  liter  flask  amounts  tone 
5  cc.  This  necessitates  the  selection  of  a  certain  temperalur 
A'hich  our  instrument  shall  be  correct.  Most  makers  choose 
>r  16°,  as  the  standard  temperature,  and  many  graduates  ai 
narked  ;  but  we  may  preferably  take  a  somewhat  higher  temf 
:ure,  one  nearer  the  average  working  temperature  of  our  room 
n  this  way  secure  less  actual  deviation  from  the  truth.  Sei 
lemperatures  have  been  proposed  from  15**  to  25*  and  the  hig 
)f  these  seems  to  be  the  best. 

Having  selected  a  standard  temperature  for  our  burette, 
lext  point  to  consider  is  the  standard  unit  of  volume.     By  de 
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tion,  "The  kilogramme  is  the  vacuum  weight  of  1000  cc.  of  water 
at  its  temperature  of  maximum  density,  about  4®."  Reversing 
this,  the  volume  occupied  by  i  kilo  of  water  at  4®  (weighed  in 
vacuo)  is  the  volume  of  1000  cc.  or  i  liter.  Since  we  are  obliged 
to  weigh  in  air  and  for  convenience  at  temperatures  greater  ^han  4°, 
we  can  only  arrive  at  the  correct  liter  by  knowing  the  conditions 
of  our  experiment  and  making  the  proper  corrections  therefor. 

To  avoid  the  imaginary  diflSculties  of  making  these  corrections, 
several  arbitrary  standards  have  been  proposed  by  various  authori- 
ties, all  based  upon  the  volume  of  i  kilo  of  water  as  weighed  in 
air  and  at  the  ordinary  laboratory  temperatures.  The  exact  tem- 
perature selected  has  been  as  varied  as  its  author,  and  none  of  them 
possess  any  essential  merit.  The  tendency  is  to  mislead,  since  by 
their  use  in  the  conversion  of  known  volumes  into  weight  from 
the  tabular  weight  of  i  liter  of  any  substance  in  question,  we  may 
fell  into  an  error  amounting  to  one-half  per  cent.  The  true  liter 
is  independent  of  the  expansion  of  water  by  heat,  and  out  of  res- 
pect for  the  the  authors  of  the  metric  system,  as  well  as  from  a  re- 
gard for  uniformity,  it  may  well  be  retained  as  our  actual  stand- 
ard. 

Our  first  correction  depends  upon  the  variation  in  the  weight  of 
I  liter  of  water  under  a  change  of  temperature.  This  has  been  de- 
termined by  several  experimenters,  and  a  careful  comparison  of  their 
best  results  will  give  us  a  very  accurate  table.  The  following  has 
been  compiled  from  the  latest  determinations,  plotted  into  a  curve 
of  expansion  and  corrected  by  the  method  of  second  differences. 
(See  Table  I.) 

At  our  standard  temperature,  25°,  the  true  weight  of  i  liter  of 
water  is  seen  to  be  997.27  gms.  The  apparent  weight  of  i  liter  of 
water  at  25°  as  weighed  with  brass  weights  in  air  at  the  same  tem- 
perature and  at  760  mm.  barometric  pressure,  would  be  less  than 
this  by  an  amount  equal  to  the  weight  of  air  displaced  by  the  dif- 
ference in  volume  between  the  water  and  the  weights.  With  brass 
at  a  sp.  gr.  of  8,  and  water  at  i,  the  difference  in 4rolume  equals  ]4 
of  the  volume  of  the  water  or  ^  of  i  liter,  i  liter  of  air  at  25° 
and  760  mm.  B.  weighs  1.1845  gms.  and  ^  of  this  1.0364  gms. 
Hence  the  liter  under  these  circumstances  weighs  or  at  least  coun- 
terbalances weights  equal  to  996.23  gms.     This  correction  for  loss 
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Table  No.  i. 


999.86 
999.9 r    I 
999-95    : 


999-97 
999.94    ; 
999.90    ] 
999-85    . 
999.79    I 
999.7a 
999.64 
999' 55 
999-44 
999-32 
999.19 
999.05  • 


997.97 

997-74 

997-51 

997.27 

997.02 

996.76 

996.48 

996.19 

995-89 

995.5H 

995-25 

994.92    ' 

994.58 

994.23 

993-87    , 

993.50    j 

993.12 

993,73 

992.31    I 

991-9' 

99 '-49 

991. 05    , 

990.61    I 

990.16    I 

9M9.70    ■ 

9H9-23    , 

987-79    I 


51 987-29 

51 986.78 

53 1  986.26 

54 985-73    ' 

55  -   -  .    ■  985.19 

56 '  984.64 

57 984-09    I 

58 983.53 

59 I  982-96 

60 ;  982.38 

61 ;  981.79 

62 I  981.19 

63 1  980.58 

64 i  979.97 

65 979-35 

66 978.73 

67  .   . 


1004.75  ' 
1005,08 
1005.42 
■005.77  I 
1006.13  I 

6.50 
1006.88 
1007.27  ji 
1007.68  1 1 


1008.95  . 
1009.39  ' 
10C9.84  1, 


.  j  977.46  I 

09 976.81  , 

70 976-15  ■ 

7' -  '  975-48  1 

7* I  974-81  I 

.  I  974.13  I 


74  . 


973-4- 


.  972-74 

76 972.04 

77 971-33 

78 970,61 

79 I  969-89 

80 969.16 


967.68 
966-93 
966.18 
965-42 
964.65 
963.87 
963-09 
962.30 
961-51 
960,71 
959-91 


959- If 


958.29 

95 957-47 

96 956-65 


954.99 
954- '5 
95330 
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for  any  pressure 
.05  cc.  per  titer  is 
Irely  disregarded, 
tely  the  same  as 
nodifying  the  re- 
he  correction  from 


TnpcniuK  of  Waler.  'yjeTKht.'  Tenipertlure  of  Wati 


998-1  I     aS 995.4 

998-'>  :      29 995.a 

997-8  ;      30 994-9 

997-7  I     31 994-6 

997-5  !    3' 994-2 

997-3  ■:    33 993-9 

997-1  34 I       993.6 

996-9  35 993a 

996-7  .:   36 991.9 

996-5  :,    37 99'-5 

996-»  J!     38 99^.1 

996-0  39 99'-7 

995-7  40 991-3 


This  table  at  25"  gives  the  apparent  weight  of  1  liter  of  water 
as  measured  by  our  burette.  The  expansion  or  contraction  of  the 
glass  above  or  below  this  temperature  will  modify  the  other  figures 
by  an  amount  equal  to  -023  cc.  for  each  degree,  and  this  amount 
most  be  subtracted  below  25°,  and  added  above  25°,  to  the  figures 
o[  tbe  table.  Hence  we  have  a  final  table  giving  the  apparent 
wdght  of  I  liter  of  water  under  ordinary  circumstances  as  above 
stated.  As  most  of  our  volumetric  glassware  is  marked  as  stand- 
M^*'  15°,  we  give  a  table  for  this  temperature  also,  although  the 
difference  amounts  to  only  .02  per  cent. 
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Apparent  Weight  of  i  Litir  of  Water  at  Diferent  Temperatures ; 
Weighed  milk  Brass  Weights  in  Atr.    Corrected/or 
Expansion  of  Glass. 


997.6 
997-4 
997-3 


993'0 
992.6 
99a-3 
991.9 


997-9 
997-8 
997-7 
997-S 
997-4 


996.8 

990-9 

996.6 

1003. 1 

996-7 

996-4 

996-5 

996-2 

996-2 

996-0 

1003.8 

996.0 

1004.0 

993-7 

995.5 

1004.3 

995-5 

995-1 

994-9 

994-7 

1005. 1 

994.6 

1005.4 

994.1 

1005.7 

994.0 

993-8 

1006.0 

1007.4 
1007.7 
1008.1 


This  table  is  accurate  to  probably  .  i  cc.  in  a  liter  or  to  .01 
cent.,  which  is  about  the  limit  of  error  in  an  ordinary  analysi 

In  testing  a  burette  or  othergraduate,  the  conditions  of  the  1 
ation  should  be  as  nearly  as  possible  the  same  as  that  of  ai 
use.  The  burette  should  be  read  after  a  lapse  of  time  equal  t 
time  of  an  ordinary  titration.  We  have  found  that  in  a  roc 
burette  on  drawing  the  contents  out  rapidly,  the  liquid  will 
down  from  the  sides  about  as  follows  : 


>"•■ 
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Water,  acid  and  salt  solutions  about  the  same,  but  alkalies  a 
little  more  slowly.  As  a  careful  titration  takes  usually  more  than 
2  minutes  and  less  than  15,  we  are  accustomed  to  read  the  burette 
after  5  minutes  standing. 

Select  water  at  the  same  temperature  as  the  balance  room.  A 
convenient  vessel  for  holding  the  water  while  weighing  is  a  good- 
sized  weighing  bottle  or  a  glass-stoppered  100  cc.  flask.  A  solu- 
tion of  bichromate  of  potash  in  moderately  strong  sulphuric  acid 
used  warm  is  an  excellent  agent  for  removing  grease  or  other 
foreign  matter  from  a  burette  tube. 

The  following  example  of  2  burettes  purchased  recently  will 
show  the  method  of  testing  and  also  exhibit  the  quality  of  gradu- 
ated glass-ware  to  be  found  in  the  market.  With  two  or  three 
tested  burettes  and  flasks  in  a  laboratory  we  may  readily  compare 
others  and  make  them  equivalent. 


^JQpty 


^  cc.  Burette, 

Mark  B.         i 

Water  at  2^^. 

Weighings. 

HflO. 

True  cc. 

Burette. 

Difference 

25.120 

0.00 

32.931 

7.81 1 

7.84 

7.82 

7.82 

41.452 

8.521 

8.55 

16.37 

8.55 

49.252 

7.800 

7.83 

24.21 

7.84 

24.22 


Same  burette  again  for  total  capacity.     Water  at  2$^. 


Kmpty 


Weighings. 

25.084 
49.946 

24.96 

CC. 

Burette. 

0.00 
24.94 

24.862— 

error, 

.02  cc 

Duplicate.     Water  at  2^. 


Empty 


25.086 
49.983 


Burette. 
0.00 


24. 897 -=25.00  CC.  24.97  error,  .03  cc. 


Burette  readings  were  taken  to  -^  cc,,  but  the  error  of  : 
iding  would  amount  to  probably  .03  cc.  The  results 
ove  test  show  the  burette  to  be  highly  accurate.  It  n 
ticed  that  duplicate  determinations  give  concordant  resul 
nations  being  less  than  the  probable  error  of  any  single  re 
lis  fact  alone  will  indicate  the  general  accuracy  of  the  mel 


75  cc. 

Burette. 

Mark  K. 

}Vaterati&: 

Butcttt, 

Enwt. 

tighingi 

H,o. 

Truecc. 

Dlffercoce 

Suc«»l«-    T 

35.065 

0.00 

33-587 

7.533 

7.55 

7.57 

7.57 

+  .03 

40.083 

7.496 

7-53 

15- 10 

7.53 

.00           -i- 

47-573 

7490 

7S» 

3.,63 

7-53 

+  -OI             + 

54-954 

7.381 

7-41 

30.00 

7-37 

—.04     — 

63.501 

7.547 

7.5S 

37-59 

7-59 

-f-.OI 

70.033 

7-531 

7-55 

45-17 

7-S8 

+.03     + 

77-693 

7-670 

7.70 

53.88 

7-71 

+.01       -r 

15.139 

33.940 

7.811 

7.84 

60.70 

7.83 

—.02       + 

40.461 

7.53' 

7-55 

68.35 

7.55 

-tn       + 

45.740 

5.379 

5.30 

73-53 

73.65 

73-65 

5-40 

+.10       + 

The  test  points  to  a  probable  inaccuracy  in  the  lower  part 
rette.  This  foct  was  proven  by  a  duplication  of  the  wetf 
the  lower  part  of  the  burette  and  also  by  a  direct  coi 
1  of  this  burette  with  the  25  cc.  burette  marked  B,  and  ai 
.  I  cc.  was  discovered  between  the  70  and  75  cc.  marks 
amination  of  the  linear  distances  between  graduation 
Jwed  that  the  bore  of  the  burette  tube  must  taper  towar 
torn  and  that  the  proper  correction  for  this  was  not  made  b 
:  70  mark.  Up  to  70  cc.  the  burette  is  considered  correct ' 
:  limit  oferror  in  reading  and  from  70  to  75  cc,  an  additii 
tion  of  .02  cc.  for  each  cubic  centimeter  division  nn 
,de. 


A  METHOD  FOR  THE  QUANTITATIVE  SEPARATION 

OF  STRONTIUM  FROM  CALCIUM  BY  THE  ACTION 

OF  AMYL  ALCOHOL  ON  THE  NITRATES.* 

By  p.  £.  Browning. 

At  the  suggestion  of  Prof.  F.  A.  Gooch,  and  following  the  gen- 
eral mode  of  procedure  laid  down  in  his  paperf  upon  the  separa- 
tion of  sodium  and  potassium  from  lithium  by  the  action  of  amyl 
alcohol  on  the  chlorids,  I  undertook  a  series  of  experiments  looking 
toward  the  separation  of  strontium  from  calcium  by  the  action  of 
amyl  alcohol  on  the  nitrates.  On  boiling  several  portions  of  the 
so-called  chemically  pure  calcium  and  strontium  nitrates  with  amyl 
alcohol,  nearly  complete  solubility  was  observed  in  case  of  the  cal- 
cium salt,  while  corresponding  insolubility  seemed  to  be  character- 
istic of  the  strontium  salt,  and  these  results  seemed  to  warrant  pro- 
ceeding with  the  work. 

For  the  quantitative  tests  to  be  described  standard  solutions  of 
specially  purified  strontium  and  calcium  nitrates  were  prepared. 
In  general  the  preparation  was  effected  by  precipitating  a  soluble 
salt  of  either  element  with  ammonium  carbonate  in  the  presence  of 
ammonium  chlorid,  washing  thoroughly  with  boiling  water,  dis- 
solving in  the  least  possible  amount  of  nitric  acid,  and  making  up 
to  measure.  In  the  earlier  experiments  other  methods  of  purifica- 
tion were  used,  such  as  the  precipitation  of  the  strontinum  nitrate 
by  alcohol,  and  in  case  of  the  calcium  salt  the  preparation  of  the 
nitrate  from  the  carbonate  precipitated  by  ammonium  carbonate 
from  a  solution  of  calcium  sulfate.  The  method  first  described, 
however,  gave  satisfactory  results,  the  spectroscope  failing  to  show 
in  the  product  thus  obtained  any  trace  of  intermixture  of  calcium 
and  strontium  salts,  or  the  presence  of  any  other  appreciable  im- 
purity. In  the  determination  of  the  standard  of  these  solutions  de- 
finite amounts  were  drawn  off  from  burettes  into  counterpoised 
beakers  or  crucibles  (according  as  the  method  of  determination 
was  by  precipitation  or  evaporation)  and  weighed  as  a  check  on 
the  burette  reading.  The  strontinum  nitrate  in  each  portion  was 
converted  into  the  sulfate  either  by  precipitation  in  the  presence 
of  alcohol,  or  by  evaporating  and  igniting,  these  methods  yielding 
results  closely  agreeing.  The  calcium  was  determined  by  evapor- 
ation with  sulfuric  acid.    The  first  series  of  experiments  was  directed 

•Am.  Jonr.  Sci.,  Jan  ,  i8;92. 
tAtn.  Chem.  Jour.,  vol.  ix,  p.  33. 
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^ard  an  investigation  of  the  action  of  amyl  alcohol  upon  si 

nitrate  alone.  Accordingly  several  amounts  of  the  stro 
:  were  measured  from  a  burette  into  counterpoised  Bohi 
kers  of  about  loocc.  capacity,  and  weighed.  The  watc 
n  evaporated  over  a  water  bath,  and  the  dry  salts  dissolv 
:w  drops  of  water  and  boiled  with  30  cc.  of  amyl  alcohol 
sunt  being  determined  upon  for  convenience.  Care  shov 
en  not  to  add  more  than  the  necessary  amount  of  water  t 
,'e  the  salt,  inasmuch  as  the  presence  of  much  water  dela; 
cess  (it  being  necessary  to  expel  all  the  water  before  the 
)hol  can  do  its  work)  and  tends  to  cause  spattering  due  1 
erheating  of  the  water  and  consequent  sudden  geuerati 
im  under  the  alcohol.  It  has  been  my  experieuce  that  i 
sence  of  a  few  drops  of  water  the  boiling  goes  on  quietl; 
er  escaping  easily  through  the  amyl  alcohol,  so  that  i 
rse  of  a  few  minutes  the  alcohol  reaches  its  normal  boilinj 
iture  (ia8''-i30°  C.)     In  order  that  the  inflammable  fun 

alcohol  might  not  reach  the  flame  during  the  boilin 
ker  was  placed  upon  a  piece  of  asbestos  board  about  i 
are.  When  the  temperature  of  the  alcohol  reached  its  n 
ing  point  (i28°-i30°  C),  as  shown  by  a  thermometei 
ker  was  removed  and  the  strontium  nitrate  filtered  off 
isbestos  felt  in  a  perforated  platinum  crucible,  the  crucibl 
having  been  previously  dried  and  weighed, 
'he  filtration  was  earned  on  under  gentle  pressure,  the  fi 
ig  received  in  a  beaker  standing  under'a  bell  jar  upon  a  gi 
is  plate.  The  last  traces  of  strontium  nitrate  were  ren 
a  the  beaker  by  washing  with  small  amounts  of  previ 
ed  amyl  alcohol  contained  in  a  wash-bottle  the  mouthpii 
ch  consisted  of  a  small  chlorid  of  calcium  tube  passing  ihi 
stopper  and  drawn  out  and  plugged  at  the  lower  end  witl 

to  exclude  particles  of  the  calcium  salt  from  the  alcohol. 

device  the  introduction  of  moisture  into  the  amyl  alcohc 
rded  against.     The  crucible  containing  the  strontium  n 

placed  in  an  air  bath  and  heated  to  150°  C.  to  drive  c 
r\  alcohol,  and  weighed.  A  constant  weight  wasobtaiue< 
ily  in  one  treatment.  Series  /contains  the  results  of  the 
ments,  the  strontium  being  calculated  as  oxid. 
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Series  I. 

(x)  SrO  taken  o.  1229  gm.     SrO  found  0.1220  gm.      Loss  0.0009  gm. 

(2)  "   "   0.1231 

(3)  *•    "   0.1230 

(4)  "    "   0.1227 

These  results  suggested  a  possible  solubility  of  the  strontium 
salt,  and,  accordingly,  Experiments  were  made  to  test  this  point. 
Amounts  of  strontium  nitrate  closely  agreeing  with  those  above 
were  taken  and  treated  in  the  same  manner.  The  filtrates  amount- 
ing, without  the  washings,  to  about  25  cc.  were  evaporated  to  dry- 
ness. The  residue  was  ignited  to  bum  oflF  organic  matter  from 
the  amyl  alcohol,  treated  with  sulphuric  acid,  heated  to  low  red- 
ness, and  weighed.  In  two  cases  the  residue  of  strontium  sul- 
fate was  found  to  contain  of  the  oxid  respectively  0.0009  8^- 
and  O.OOIO  gm.  As  will  be  seen  the  solubility  of  the  strontium 
nitrate  averages  about  o.ooio  gm.  of  the  oxid  to  30  cc.  of  amyl 
alcohol  used.  The  exact  extent  of  this  solubility  depends,  of 
course,  upon  the  amount  of  amyl  alcohol  remaining  after  boiling  ; 
and  since  the  source  of  heat  is  removed  as  soon  as  the  normal  boil- 
ing temperature  of  the  alcohol  is  reached,  very  little  decrease  in  the 
volume  of  the  previously  boiled  alcohol  results.  On  measuring 
the  amounts  of  the  alcohol  remaining  in  several  experiments  I 
found  them  to  approximate  closely  to  25  cc.  It  seemed  justifiable, 
therefore,  to  add  as  a  correction  to  the  apparent  amount  of  stron- 
tium oxid  found  0.0010  gm.  for  every  25  cc.  of  amyl  alcohol  re- 
maining, or  for  every  30  cc.  originally  taken.  Experiments  were 
also  made  to  determine  whether  the  strontium  nitrate  might  have 
been  at  all  broken  down  in  the  process  of  boiling  and  heating  so 
that  some  strontium  might  be  present  in  the  final  residue  in  the 
form  of  oxid  or  nitrite.  In  two  of  these  experiments  portions  of 
strontium  nitrate  left  by  the  treatment  with  amyl  alcohol  were  dis- 
solved, precipitated  as  the  sulfate  and  weighed  as  such,  and  the 
results  of  these  experiments  (5  and  6)  go  to  show  that  the  compo- 
sition of  the  strontium  nitrate  is  not  appreciably  changed  in  the 
process  of  separation  and  drying.     In  certain  other  experiments  di- 

• 

rected  to  the  same  end,  the  residues  of  the  process  of  separation 
were,  after  weighing  and  drying,  treated  with  a  drop  of  nitric  acid, 
and  again  dried  at  150®  C.  and  weighed.  These  tests  (7)  and  (8) 
confirm  the  indications  of  the  previous  experiments.     Finally  a 
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iment  was  made  upon  strontium  nitrate  dried  at  151 
t  decomposition  miglit  result  by  heating  to  tern 
what  higher  than  150°  C. — the  temperature  at  v 
s  of  the  previous  experiments  had  been  dried.  Tl 
that  the  loss  in  the  twenty-five  degrees  above  ij 
gly  slight. 

.r(NOj),  calculated  as  SrO 0.1*19  pn. 

"he  same  dissolved  and  precipitated  as  SrSO, 

calculated  as  SrO .  aiji9  " 

ir(NOi),  calculated  as  SrO 0.1113   " 

lie  same  dissolved  and  precipitated  as  SrSO, 

calculated  as  SrO 0.1214  " 

ir(NO,),  calculated  as  SrO o.iaaS  " 

lie  same  dried  at  150°  C.  after  adding  a  drop 

of  HNOj o-iaaS  ■■ 

;r(NO,)i  calculated  as  SrO 0.1339  " 

"he  same  dried  at  150°  C.  after  adding  a  drop 

of  HNO, 0.1139  " 

Veight  of  Sr(NO,),  dried  at  ISO"  C 0.248^  " 

Veight  of  the  same  portion  dried  at  165°  C.     .  0.1480  " 

Veight  of  the  same  portion  dried  at  175"  C.    .  0.1478  " 

ilcium  nitrate  was  treated  in  a  similar  manner  b} 
myl  alcohol  the  mass  of  the  salt  dissolved,  but  n 
iparated  out  on  the  bottom  or  sides  of  the  beaker. 
^re,  however,  very  small  and  on  weighing  were  four 
.0003  gm.  or  0.0004  gm. of  the  oxid.  In  several  ins 
ble  residue  was  washed  thoroughly  with  ethyl  ali 
n  water,  tested  before  the  spectroscope  and  found  ti 
^teristic  calcium  spectrum.  All  experience  poin 
at  the  formation  of  the  residue  was  due  to  somt 
ige  of  composition  of  the  calcium  nitrate.  On  one  1 
lie  acidified  solution  of  the  residue  appeared  to  rec 
tremely  dilute  solution  of  potassium  permanganat 
suggested  the  presence  of  a  nitrite.  Treatment  ■ 
Ch  nitric  acid  and  subsequent  evaporation  of  the  1 
ed,  however,  to  leave  the  calcium  salt  in  a  condit 
id  by  amyl  alcohol. 

sible,  therefore,  that  the  real  cause  of  insolubility 
in  the  oxidation  of  the  amyl  alcohol  and  conseque 
an  organic  acid,  and,  subsequently,  of  the  correspt 
tit,  but  the  amounts  of  the  residue  were  so  exti 
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small  that  it  was  not  practicable  to  solve  this  question,  at  once,  ex- 
actly and  satisfactorily  without  directing  attention  too  far  from  the 
main  issue.  Moreover,  the  error  introduced  by  this  peculiar  be- 
havior of  the  calcium  salt  proved  to  be  insignificant  in  its  effects 
upon  the  quantitative  determination  of  the  calcium,  and  accord- 
ingly, it  was  disregarded  in  the  subsequent  tests. 

The  next  experiments  were  directed  toward  a  separation  of  stron- 
tium and  calcium  nitrates.  Definite  amounts  of  a  solution  of 
strontium  nitrate  were  measured  from  burettes  into  counterpoised 
beakers  and  weighed,  as  already  described,  the  calcium  nitrate  was 
then  added  in  solution,  and  the  weight  taken  again.  The  water 
was  evaporated  and  the  dry  salts  dissolved  again  in  the  least  pos- 
sible amount  of  water  and  boiled  with  amyl  alcohol  (30  cc.),  as 
before.  The  strontium  was  filtered  off  into  a  perforated  platinum 
crucible  containing  an  asbestos  felt,  dried  and  weighed  as  previ- 
ously described.  The  calcium  was  determined  in  the  form  of  the 
sulfete,  by  evaporation  of  the  alcohol,  treatment  with  an  excess 
of  sulfuric  acid,  and  ignition. 

Correction  was  made  for  the  solubility  of  the  strontium  nitrate, 
and  its  consequent  presence  with  the  calcium,  by  calculating  the 
amount  dissolved  in  the  portion  of  amyl  alcohol  employed  to  the 
condition  of  sulfate  and  subtracting  that  quantity  from  the  appar- 
ent amount  of  calcium  sulfate  found.  The  results  of  this  mode 
of  proceeding  are  recorded  in  experiments  (10)  and  (11), 

SrO  Found.  CaO  Pound. 

SrO  Taken.    tCorrectcd.)        Error.  CaO  Taken.    (Corrected.)  Error. 

(10)  0.091 1 gm.  o.o932gm.  0.0021  gm. -1-0.0932 gm.   o.o907gm.  0.0025 gm. — 
(ii)  0.0915  ••     0.0945   "     0.0030  *•    4-0.0933   *'     0.0899   '*     0.0034  "   — 

After  making  the  correction  in  the  manner  specified  it  is  evident 
that  the  amount  of  strontium  indicated  is  greater  than  that  origi- 
nally taken.  It  is  apparent,  therefore,  that  the  strontium  nitrate 
must  have  been  contaminated,  probably  mechanically,  by  the  cal- 
cium salt,  as  the  calcium  salt  is  found  to  be  correspondingly  defi- 
cient in  amount.  It  was  thought  best,  therefore,  to  have  recourse 
to  a  double  treatment  with  the  alcohol.  Accordingly  after  the 
first  boiling  already  described  the  alcohol  carrying  the  greater  part 
of  the  calcium  in  solution  was  decanted  upon  an  asbestos  felt  under 
the  conditions  previously  described  and  collected  in  a  beaker  placed 
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to  receive  it.  The  residue  was  then  dried  at  a  gentle  heat  c 
radiator  to  remove  amyl  alcohol,  dissolved  iu  a  few  dro[»  of  i 
treated  with  a  drop  of  nitric  acid  to  assure  the  condition  of  ni 
and  evaporated  to  dr>-ness.  After  dissolving  in  a  few  drops  of 
30  cc,  of  alcohol  were  added,  and  the  txiiling  repeated.  Thi 
due  was  filtered  off  upon  the  same  felt  through  which  the  firs 
tion  had  been  decanted,  and  washed  with  amyl  alcohol,  care 
taken  to  remove  all  particles  of  the  residue  from  the  beaker  bv 
ful  rubbing.  The  crucible  and  residue  were  heated  iu  an  aii 
at  150°  C.  as  before,  and  then  weighed.  The  filtrate  from  th 
treatments  and  the  washings  were  treated  differently  in  two 
of  experiments.  In  Series  II,  the  filtrate  was  precipitated  wit 
furic  acid,  ethyl  alcohol  being  added  to  secure  thorough  mi> 
The  precipitated  sulfate  was  filtered  off  upon  asbestos,  heal 
low  redness  and  weighed.  In  Series  III,  the  alcoholic  filtrat 
evaporated  to  a  small  volume,  transferred  to  a  weighed  plal 
crucible  and  evaporated.  The  residue  was  ignited  to  bum  < 
ganic  matter,  treated  with  sulfuric  acid  and  again  ignited  e 
redness  and  weighed. 


CaO  Found. 

SrO  Taken 

(Corrected,  i 

Error.            CaO  Taken. 

(Corrected.) 

(II)  o.ii35gin. 

0.1239801 

.ooo4gm.+   □.i290gm. 

o.i27igm.    0 

0019 

(13)  0.1137  " 

0 

laiS  " 

.0009   "   —  0.1246   " 

0.1226  ■'      0 

(14)  0.1339  •■ 

0 

"39  ■' 

.0000   •■          0.1148   ■' 

0.1223   "      o-""^ 

(15}  0.1974  ■■ 

1972  '■ 

.000a   ■'   —  0.0502   '• 

0.0492  '■      0 

(16)  0.1979  " 

0 

1978  " 

.0001    ■'   —  0.0496   '■ 

0.0482   "      0.0014 

Series  III. 

SrO  Found. 

CaO  round. 

BrO  Taken. 

(Cottecled.) 

Etror.            CaO  Taken 

(Corrected.! 

En 

(17)  O.oi48gm. 

0.0155  gm 

o.ooo7gin.+   o.o256giv 

.  0.0254  gm. 

O003 

(18)  0.0183    ■■ 

0183  ■■ 

0 

0000   ' 

0.1030    " 

0.1015    " 

0015 

(19)  0.0364    •■ 

0366  " 

0 

0002   ' 

+    0.0516    " 

0.05 1 1    " 

0005 

fao)  0.0365  " 

0 

0365   ■' 

0 

0000 

0.0515    " 

0.0513   " 

(11)  0.0493  " 

0 

0494  " 

0 

0001 

+    0.0515    " 

0.0502    " 

001 

(23)   0.0497    '■ 

0 

0497   " 

0 

0000 

0.0519    " 

aos"  ■" 

oooe 

(23)  0.0497   '• 

0 

0503  •• 

0 

Ctxi>    ' 

+   0-0249   " 

0.0245   ■' 

0004 

(J4)  0.0719   " 

0731  " 

□ 

0003    ' 

+   0.0157   " 

0.0251   " 

0006 

(25)  0.0730   ■■ 

0 

0732   " 

0 

0002    ' 

-i-   0.0255   " 

0.0255  " 

(26)  0.0744   " 

0744  " 

0 

0000    ■ 

0.025S   " 

0.0260  " 

(27)  0,0912   " 

0 

0910  " 

0 

0002    ' 

—  0.1286   ■' 

0.1176  ■' 

The  average  error  in  the  deterroination  of  strontium  in 
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series  is  less  than  o.oooi  gm.  +  on  theoxid  ;  that  of  the  calcium 
amounts  to  0.0017  gm.  —  on  the  oxid  in  Series  II.  and  to  0.0005 
gm.  —  in  Series  III. 

In  both  processes  the  correction  for  the  solubility  of  strontium 
nitrate  in  amyl  alcohol,  determined  as  previously  described,  was 
applied —  0.0020  gm.  being  added  to  the  weight  of  the  strontium 
oxide  found  after  the  double  treatment  with  amyl  alcohol,  and 
0.0035  gm.  being  deducted  from  the  apparent  weight  of  the  calcium 
sulfate  found  before  calculating  it  to  the  form  of  the  oxid.  The 
latter  of  the  two  processes,  which  are  identical  so  far  as  handling 
of  the  strontium  is  concerned,  yields  the  better  results  in  the  de- 
termination of  the  calcium,  doubtless  because  a  trifling  amount  of 
calcium  sul&te  remains  in  solution  in  the  filtrate  in  the  former 
process,  while  in  the  latter  every  trace  should  be  recovered.  The 
deposition  of  minute  traces  of  calcium  in  the  precipitation  of  the 
strontium  nitrate,  to  which  reference  has  been  previously  made, 
is  evidently  a  matter  of  no  signifiance  in  compiarison  with  the  or- 
dinary errors  of  manipulation. 

A  METHOD  FOR  THE  QUANTITATIVE  SEPARATION 
OF  BARIUM  FROM  CALCIUM  BY  THE  ACTION 
OF  AMYL  ALCOHOL  ON  THE  NITRATES.* 

By  p.  E.  Bkownino. 

The  fact  that  strontium  can  be  separated  quantitatively  from 
calcium  by  boiling  the  nitrates  with  amyl  alcohol,  as  I  have  re- 
cently shownf  naturally  suggested  a  similar  separation  of  barium 
from  calcium  by  the  same  general  treatment.     Solutions  of  spe- 
cially purified  barium   and  calcium   nitrates  were  prepared  and 
standardized,  either  by  the  evaporation  or  filtration  of  definite  por- 
tions after  treatment  with  sulfuric  acid.     The   mean  of  several 
closely  agreeing  results,  both  by  evaporation  and  filtration,  was 
taken  as  the  standard.     The  method  followed  was  essentially  the 
same  as  described  in  the  method  for  the  quantitative  separation  of 
strontium  from  calcium  referred  to  above.     The  first  series  of  ex- 
periments was  directed  toward  an  investigation  of  the  action  of 
amyl  alcohol  upon  barium  nitrate   alone.     Accordingly  definite 
amounts  of  the  barium  salts  were  measured  into  Bohemian  beakers 
of  about  100  cc.  capacity  and  weighed.     The  water  was  then  evap- 

•Am.  Jour.  Scl.  Apr.  1892. 
tSce  preceding  paper. 
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orated  over  a  water  batfa,  and  the  dry  salts  dissolved  in  a  few 
of  water  and  boiled  with  30  cc.  of  amyl  alcohol,  that  amount 
determined  upon  as  convenient,  until  the  normal  boiling  po 
the  alcohol  was  reached — 128°  to  130"  C.  During  the  boilii 
beaker  was  placed  upon  a  piece  of  asbestos  board  about  i 
square  to  keep  the  inflammable  fiimes  of  the  alcohol  froi 
flame.  When  the  temperature  of  the  alcohol  reached  its  n 
boiling  point  the  beaker  was  removed  and  the  barium  nitra 
tered  ofl*  upon  an  asbestos  felt  in  a  peribrated  platinum  cnidbl 
crucible  and  felt  having  been  previously  dried  and  weighed, 
filtration  was  carried  on  under  gentle  pressure,  the  filtrate 
received  in  a  beaker  standing  under  a  bell  jar  upon  a  ground 
plate.  The  last  traces  of  barium  nitrate  were  removed  froi 
beaker  by  washing  with  small  amounts  of  anhydrous  amyl  al 
contained  in  a  wash  bottle  previously  described,  to  the  mouth 
of  which  a  small  chlorid  of  calcium  tube  was  connected.  Thi 
cible  containing  the  barium  nitrate  was  placed  in  an  air  batl 
heated  to  130°  C.  The  process  of  heating  and  weighing  w. 
peated  until  a  constant  weight  was  obtained.  Series  I  show 
results  of  these  experiments  the  barium  being  calculated  as  c 

BaO  Taken.  BaO  PoDDd.  Brmr. 

I a  1040  gm.  a  1039  gm.  aoooi  gm.— 

2 0.1043    "  0.1043    "  0.0000    " 

3 ao5a4  "  a.0531  "  aoooi  "  — 

4 0.0519  '•  aosiS  "    ,  aoooi   "  — 

These  results  show  plainly  enough  the  complete  insolubil 
the  barium  salt  in  the  amyl  alcohol ;  but  to  confirm  then 
filtrates  of  (3)  and  (4.)  were  evaporated  to  dryness,  ignited  tc 
off  any  organic  matter  from  the  amyl  alcohol,  treated  wit! 
furic  acid,  heated  to  low  redness  and  weighed.  The  weigl 
both  cases  showed  the  absence  of  any  residue. 


Series  n 

BaO  Taken 

BaO  Found. 

Error,         C 

iiOTakeo 

00  Found 

Cm*. 

Gma. 

5.          0.1410 

0.1406 

0.0004— 

0.01 la 

0.01 14 

5.         0.1300 

0.1 301 

0.0001  + 

0.0926 

0.0926 

0,1043 

0.1049 

0.0006  + 

0.0741 

0.0736 

0.0781 

0,0781 

0.0000 

0.0556 

0.0554 

0.0525 

0,0526 

0.0001  + 

0.0373 

0.037a 
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Series  2 

IL 

BaO  Taken. 
Gms. 

BaO  Pound. 
Gms. 

Error. 
Gms. 

CaO  Taken. 
Gms. 

CaO  Found. 
Gms. 

Error. 
Gms. 

la 

0.1304 

0.1308 

0.0004-f 

0.0927 

0.0921 

0.0006 — 

II. 

0.1043 

0.1046 

0.0003+ 

0.0371 

0.0370 

0.0001 — 

12. 

0.1037 

0.1036 

o.oooi — 

0.0743 

0.0744 

0.0001  + 

13. 

0.0783 

0.0776 

0.0007 — 

0.0427 

0.0422 

0.0005 — 

14. 

0.0519 

0.0521 

0.0002+ 

0.0369 

0.0361. 

0.0008 — 

15. 

0.0519 

0.0512 

« 0.0007 — 

0.0570 

0.0567 

0.0003 — 

16. 

0.0261 

0.0259 

0.0002 — 

0.0925 

0.0925 

aoooo 

The  next  experiments  were  directed  toward  a  separation  of  ba- 
rium and  calcium  nitrates.  Definite  amounts  of  a  solution  of  ba- 
rium nitrate  were  measured  from  burettes  into  counterpoised 
beakers  and  weighed,  as  already  described,  the  calcium  nitrate 
was  then  added  in  solution  and  the  weight  taken  again.  The 
water  was  evaporated  and  the  dry  salts  dissolved  again  in  the 
least  possible  amount  of  water,  and  boiled  as  before  with  30  cc. 
of  amyl  alcohol.  The  barium  salt  was  filtered  ofiF  into  a  perforated 
platinum  crucible  containing  an  asbestos  felt,  dried  and  weighed 
as  previously  described.  The  calcium  was  determined  in  the  fil- 
trate, in  the  form  of  the  sulfate,  by  evaporation  of  the  alcohol, 
treatment  with  an  excess  of  sulfuric  acid  and  ignition.  Series 
II  gives  the  result  of  this  treatment. 

In  Series  III  the  effect  of  a  double  treatment  with  the  alcohol  is 
recorded.  In  these  experiments,  after  the  first  boiling,  already  de- 
scribed, the  alcohol  was  decanted  upon  an  asbestos  felt,  under  the 
conditions  previously  mentioned,  and  collected  in  a  beaker 
placed  to  receive  it.  The  residue  was  then  dried  at  a  gentle 
heat  over  a  radiator  to  remove  amyl  alcohol,  dissolved  in  a  few 
drops  of  water,  and  this  solution  was  treated  with  a  drop  of  dilute 
nitric  acid  to  assure  the  condition  of  nitrate,  and  evaporated  to 
dryness.  After  dissolving  in  a  few  drops  of  water,  30  cc.  of  alco- 
hol were  added,  and  the  boiling  repeated.  The  residue  was  fil- 
tered off"  upon  the  felt  through  which  the  first  portion  had  been  de- 
canted and  washed  with  amyl  alcohol,  care  being  taken  to  remove 
all  particles  from  the  beaker  by  careful  rubbing.  The  crucible  and 
residue  were  heated  to  150*^  C.  as  before  and  weighed.  The  re- 
sults after  one  treatment  are  fully  as  satisfactory  as  those  after  the 
double  treatment, — a  point  which  simplifies  the  method  considera- 
bly.   In  the  separation  of  strontium  from  calcium  the  double  treat- 
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raent  was  necessary.  The  form  in  which  the  salts  separate 
gested  a  possible  explanation.  The  strontium  nitrate  separat 
plate-like  masses,  while  the  barium  is  much  more  granular 
therefore  less  liable  to  include  foreign  matter. 

Series  IV  contains  the  results  of  certain  experiments  directe 
ward  the  separation  of  barium  and  strontium  together  from  calc 
Definite  portions  of  the  three  nitrate  solutions  were  measured 
counterpoised  beakers  and  the  successive  weights  taken  as 
viously  described.  The  method  of  treatment  was  the  same  as 
described  in  the  double  treatment  of  the  barium  and  calciums 
The  correction  for  the  solubility  of  the  strontium  salt  was  ap] 
(o.ooi  gm.  of  strontium  oxid  to  30  cc.  of  the  alcohol  used)  ir 
manner  defined  in  the  paper  upon  the  separation  of  strontium 
calcium.  The  results  are  tabulated  for  the  nitrates  in  the  cas 
which  barium  and  strontium  were  treated  together,  but  the  ei 
are  also  averaged  on  the  oxids  for  the  amounts  of  barium 
strontium  nitrates  taken  in  order  that  they  may  be  compared  i 
conveniently  with  the  results  of  the  previous  series. 
Series  fV. 

BaCNO,),      Ba(NO,),  Error  Aier- 

■nd       and  Sr(NO>l|      Bitot  >B«d  Bud 

SnNO.l,      found  and  in  calculalcdas       C«0  CsO 


0.3941 

0-3945 

o.ot»4-|- 

0,0002+ 

0.0383 

0.0277 

0.1436 

0.1441 

0.0006+ 

0.0003+ 

0.0568 

0.0558 

0.3163 

0.3152 

O.OOI  1  — 

0.0006- 

0.0284 

0.0274 

0.1978 

o.,978 

0.0009+ 

0.0005+ 

0.0385 

0.0280 

0..948 

0.193a 

o.oo;6- 

0.0008— 

0.0833 

0.0835 

0.197 1 

0.1971 

o.oooo 

0.0000 

0.0830 

0.0817 

0.1973 

0.1960 

0.0013— 

0.0007— 

0.0830 

ao8i4 

0.1959 

0.1970 

0.0011  + 

0.000s + 

0.OB30 

0.0819 

O.I97I 

0.1963 

0.0008+ 

0.0004+ 

0.0834 

0.0831 

In  experiments  (21),  (25)  15  cc.  of  the  alcohol  were  used  in 
boiling  instead  of  the  30  cc.  of  the  previous  experiments,  and 
the  total  amount  of  the  corrections  for  the  solubility  of  the  si 
tium  salt  was  reduced  one  half.  In  experiments  (21),  (23)  and 
the  calcium  was  determined  by  precipitation  with  sulfuric  : 
the  precipitate  being  filtered  off,  ignited  at  low  redness  and  weii 

The  rapidity  of  execution  and  satisfactory  character  of  tb 
suits  of  this  method  of  separating  barium  from  calcium  seei 
place  it  among  good  analytical  methods. 


I 

I 
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ON  THE  QUALITATIVE  SEPARATION  AND  DETECTION 

OF  STRONTIUM  AND  CALCIUM  BY  THE  ACTION 

OF  AMYL  ALCOHOL  ON  THE  NITRATES.* 

By  p.  E.  Browning. 

In  a  recent  paperf  I  have  shown  that  strontium  and  calcium 
may  be  separated  quantitatively  by  boiling  the  nitrates  of  these 
elements  with  amyl  alcohol  and  applying  the  corrections  deter- 
mined for  the  solubility  of  the  strontium  salt.     The  qualitative 
separation,  however,  is  somewhat  vitiated  by  the  deposition  of  a 
slight  residue  upon  the  bottom  of  the  test  tube  or  beaker  when  cal- 
cium nitrate   is  boiled  with  amyl   alcohol.     While   this  deposit 
weigl^s  but  a  few  tenths  of  a  milligram  and  is  insignificant  in  its 
effects  upon  the  interpretation  of  the  quantitative  results,  it  may 
easily  be  mistaken  for  strontium  in  the  qualitative  test  unless  tested 
spectroscopically.     This  residue  when  dried,  dissolved   in  water 
and  nitric  acid,  and  again  treated  with  amyl  alcohol  is  not  dis- 
solved completely  but  again  separates  out  wholly  or  partially.    The 
possibility  of  the  formation  of  the  calcium  salt  of  an  organic  acid 
by  the  action  of  the  nitric  acid  on  the  amyl  alcohol  (a  point  to 
which  reference  was  made  in  the  paper  before  mentioned),  sug- 
gested the  idea  that  ignition  might  so  change  the  residue  that  it 
would  not  re-appear  upon  a  second  boiling  with  the  amyl  alcohol. 
Experiment  proved  the  truth  of  this  presumption  ;  for  it  was  found 
that  after  getting  the  ignited  residue  into  solution  with  water  and 
a  drop  of  dilute  nitric  acid,  subsequent  boiling  with  amyl  alcohol 
effected  complete  solution,  as  shown  by  experiments  (i),  (2),  (3), 
(4)  of  Series  I  below.     In  applying  the  method  qualitatively,  small 
amounts  of  the  amyl  alcohol  may  be  conveniently  used  and  the 
boiling  carried  on  in  a  test  tube,  care  being  taken  to  keep  the  in- 
flammable fumes  of  the  alcohol  from  the  flame.     Five  cubic  centi- 
meters of  the  alcohol  is  a  convenient  amount  to  use  in  each  boil- 
ing and  the  error  introduced  by  the  solubility  of  the  strontium  salt 
is  thus  reduced  to  a  minimum,  the  solubility  in  30  cc.  having  been 
determined  to  be  o.ooi  gm.  of  the  oxid.     Experiments  made  to 
lest  the  delicacy  of  the  method  as  regards  the  detection  of  strontium 
alone  are  recorded  in  Series  I  (5),  (6),  (7),  (8),  (9)  ;  and  (ro).  (11), 
(12),  (13),  give  the  results  of  the  treatment  in  the  presence  of  both 
strontium  and  calcium.     Into  a  test  tube  is  put  the  mixture  of  the 

•Am.  lour.  Set.,  May,  i8oa. 
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nitrates  of  strontium  and  calciuiD  not  exceeding  0.2  gms.,  thi 
ing  the  limit  of  the  solubility  of  calcium  nitrate  in  5  cc.  of 
alcohol.  After  dissolving  in  a  few  drops  of  water  5  cc.  of  am 
cohol  are  added  and  the  boiling  is  carried  on  until  the  normal 
ing  point  of  the  alcohol,  128-130°  C.,  is  reached.  If  stroot 
is  present  to  the  amount  of  o.ooi  gm.  of  the  oxid  or  more  a 
decided  separation  takes  place.  If  the  amount  is  smalleritcE 
be  readily  distinguished  from  the  residual  spots  deposited  oi 
bottom  of  the  tube  by  the  calcium  salt.  The  alcohol  couta 
the  calcium  salt  dissolved  is  decanted  upon  a  dry  filter  paper 
dry  funnel  and  the  residue  washed  in  the  tube  with  about  5  1 
absolute  ethyl  alcohol,  this  also  being  filtered  into  the  tube 
taining  the  amyl  alcohol.  The  filtrate  is  reserved  to  be  teste 
calcium,  while  the  residue,  if  so  small  that  it  may  be  a  calciui 
posit,  is  dried  gently  and  finally  ignited  by  agitating  the  tube 
a  flame.  After  cooling  the  tube  a  few  drops  of  water  and  a 
of  nitric  acid  are  added  and  the  boiling  repeated.  As  the  n 
of  Series  I  show,  any  amount  of  strontium  above  0.0005  gm.  t 
oxid  separates  out  distinctly,  while  the  slight  calcium  re 
does  not  reappear.  My  experience  has  been  that  amounts  o: 
cium  nitrate  equal  to  0.2  gm.  give  a  deposit  on  the  first  be 
about  equal  to  0.0003  S^-  of  strontium  oxid  on  the  first  boi 
The  residues  from  the  second  treatment  in  Series  I  (5)  to  (13} 
all  dissolved  in  a  few  drops  of  water,  treated  with  a  drop  of  h 
chloric  acid  and  tested  before  the  spectroscope,  all  giving  di; 
strontium  lines  but  no  trace  of  calcium.  The  calcium  res 
from  the  first  boiling  gave  distinct  calcium  lines  but  no  tra 
strontium. 

The  delicacy  of  the  process  in  the  detection  of  calcium  is  si 
by  the  experiments  of  Series  II.  The  method  of  treatment 
the  same  as  described  above  excepting  that  the  filtrates  and  ? 
ings  after  boiling  were  used  for  these-tests.  To  these  clear  fill 
about  2  cc.  of  dilute  sulphuric  acid  were  added,  and  in  five 
utes  or  less  the  results  recorded  were  apparent.  When  strou 
alone  was  taken  either  in  large  or  small  amounts,  the  result 
uniformly  a  faint  cloudiness  gathering  after  standing  sometic 
a  minute  precipitate  of  a  granular  character.  In  the  case  0 
calcium  the  detection  could  be  carried  easily  to  0.0005  S™-  ** 
oxid,  and  satisfactory  results  were  obtained  with  0.0002  gm. 
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character  of  the  precipitate  in  the  case  of  calcium  was  moreover, 
distinctive,  it  being  in  every  case  light  and  flocky,  and  collecting 
in  floating  masses.  With  the  precautions  noted  very  satisfactory 
results  can  be  obtained  by  this  method,  not  the  least  advantage 
being  the  rapidity  with  which  a  determination  can  be  made.  It 
will  be  noticed  that  in  some  cases  calcium  and  strontium  are  re- 
corded as  the  nitrates  and  in  others  tabulated  as  oxids.  When 
either  strontium  or  calcium  were  used  in  large  quantities  the  pure 
nitrate  was  weighed  out  directly  ;  when  very  small  amounts  were 
used  these  were  taken  from  the  standardized  solutions  of  the  ni- 
trates used  in  the  quantitative  work,  the  standards  of  which  had 
been  recorded  in  terms  of  the  oxid.  The  strontium  and  calcium 
salts  used  in  this  work  were  specially  purified  by  the  methods  de- 
tailed in  my  previous  paper. 

Series  I. 


Deposit  after 

Deposit  after 

SrO  taken. 

Ca(N08)i  taken. 

first  trailing. 

second  boiling. 

I. 

0. 1  gm. 

Trace 

2, 

0.2   " 

Slight 

None 

3. 

0.2   " 

Slight 

None 

4. 

0.2   " 

Distinct 

Faintest  trace 

5. 

0.0003  gni- 

Paint  trace 

Paint  trace 

6. 

0.0003 

Faint  trace 

Faintest  trace 

7. 

0.0005 

Distinct 

Distinct 

8. 

0.0005 

Distinct 

Distinct 

9- 

0.0010 

Distinct 

Distinct 

la 

O.OOIO 

0.2   " 

Distinct 

Distinct 

II. 

0.0005 

0.1   •• 

Distinct 

Faintest  trace 

12. 

0.0007 

0.1    " 

Distinct 

Faint  trace 

13. 

0.0008 

0.05*' 

Distinct 

Distinct 

Series  II. 

Sr  (NO,),  taken. 

CaO  taken. 

Result. 

I. 

0.001  gm. 

Faint  granular  cloudiness 

2. 

0.1 

<t 

II            II 

II 

3. 

0.2 

i( 

II            II 

II 

4. 

o.ooi    gm. 

Decided  flocky  floating  masses. 

5. 

0.0005    " 

II            ti 

6. 

0.0002    " 

II            11 

7. 

O.OOOI      '* 

Plain 

8. 

0.00005  " 

Paint 

9. 

0.1 

ti 

0.0005    ** 

Decided     " 

10. 

0.1 

(( 

0.0002    " 

II            II 

II. 

0.1 

(( 

O.OOOI      *' 

Plain 

12. 

0.2 

(t 

0.0002    " 

Decided        " 

A  METHOD  FOR  THE   DETERMINATION   OF  BAB 
IN  THE  PRESENCE   OF  CALCIUM 
AND  MAGNESIUM.* 

Bv  F.  W.  Mar. 

The  recent  investigationt  by  Prof.  R.  Fresenius  of  the  ral 
the  various  methods  which  have  been  proposed  for  the  sepai 
of  barium  and  calcium,  shows  that  bnt  two  of  the  methods  1 
by  him  are  sufficiently  accurate  for  good  analytical  work,  and 
with  these  it  is  necessary  to  make  two  treatments  in  ordertoo 
a  complete  separation.  The  method  here  described  may  thei 
be  of  interest  and  by  reason  of  its  rapidity  and  accuracy  may ; 
valuable,  although  since  the  publication  of  the  work  of  Fres 
another  methodi  has  been  published  from  this  laboratorj'  w 
in  point  of  accuracy,  leaves  little  to  be  desired. 

It  has  long  been  known  that  barium  chlorid  is  insoluble 
marked  degree  in  concentrated  hydrochloric  acid,  but  the  difB 
of  filtering  off  the  strong  acid  has  in  the  past  prevented  the  < 
mination  of  the  exact  amount  of  this  insolubility,  and  fo 
same  reason  the  reaction  has  not  been  available  for  quantil 
use.  Since  the  invention  of  the  Gooch  crucible,  how 
the  treatment  of  snch  strong  acid  filtrates  has  become  a  matl 
the  greatest  ease,  and  it  seemed  worth  while  to  investigat 
limits  of  the  insolubility  of  barium  chlorid  in  the  strong  acii 
to  ascertain  whether  the  reaction  might  not  be  of  use  in  the 
ration  of  barium  from  calcium  and  magnesium,  the  chlori 
which  are  soluble  in  the  strong  acid. 

The  barium  chlorid  used  in  the  following  experiments  wa 
pure  crystallized  chlorid  containing  two  molecules  of  water, 
calcium  salt  was  the  pure  fused  chlorid,  and  the  magnesiun: 
was  the  pure  crystallized  magnesium  chlorid  dried  at  50°  C. 
the  two  latter  were  not  determined  in  the  experiments  it  wa 
necessary  to  know  the  composition  of  the  salts  used  as  regard 
groscopic  moisture.  Attention  was  first  given  to  detenuinin 
solubility  of  barium  chlorid  in  hydrochloric  actd. 
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Series  A. 

xp. 

BaClf.  aHfO 
gms. 

Water, 
cc. 

HCl. 

cc. 

Total. 
Filtrate, 
cc. 

BaCl,. 
gms. 

Loss. 

I. 

0.5024 

5 

20 

0.4241 

0.0041 

2. 

0.5084 

5 

20 

0.4304 

0.0030 

3. 

0.5099 

2 

25 

0.4320 

0.0027 

4. 

0.5033 

2 

25 

90 

0.4251 

0.0039 

5. 

0.5047 

2 

25 

52 

0.4247 

0.0055 

6. 

0.5065 

2 

50 

115 

0.4257 

0.0060 

7- 

0.5008 

2 

50 

75 

0.4218 

0.0051 

8. 

0.501 1 

2 

50 

93 

0.4220 

0.0051 

9- 

0.5024 

2 

75 

123 

0.4246 

0.0037 

The  experiments  in  Series  A  were  made  as  follows  :  The  barium 
salt  was  weighed  out,  placed  in  a  small  beaker  and  dissolved  in 
the  amount  of  water  indicated.  The  barium  was  then  precipitated 
as  the  anhydrous  chlorid  by  adding,  gradually  first,  the  amount 
of  hydrochloric  acid  shown.  After  standing  for  five  or  ten  minutes 
the  precipitates  were  filtered  oflF  upon  asbestos  in  Gooch  crucibles, 
washed  with  concentrated  hydrochloric  acid,  dried,  sometimes  over 
a  low  flame  (at  about  150^-200°  C.)  and  sometimes  in  an  air  bath 
heated  to  165**  C,  and  weighed.  In  several  cases  the  total  filtrate 
was  measured  and  the  volume  is  given  in  the  tabular  statement. 
The  results  show  a  considerable  solubility  amounting  to  about  i 
part  in  8000  under  the  conditions  given. 

Series  B, 


Sxp. 

BaC1«.  2HsO 
gnia. 

Water, 
cc. 

HCl. 
cc. 

Total. 

Filtrate. 

cc. 

BaCls. 

Loss, 
gms. 

10. 

0.5057 

2 

25 

75 

0.4268 

0.0042 

II. 

0.5017 

5 

50 

90 

0.4198 

0.0078 

12. 

0.5068 

3 

50 

100 

0.4235 

0.0085 

13- 

0.5019 

2 

100 

144 

0.4186 

0.0082 

The  experiments  in  Series  B  were  conducted  similarly  to  those 
of  Series  A  except  that  the  precipitates  were  allowed  to  stand  24 
hours  before  filtration.  The  loss  due  to  solubility  was,  as  is  shown 
by  the  table,  greater  than  before,  due  doubtless  to  the  escape  of 
hydrochloric  acid  gas  from  the  solution. 

Series  C, 


Sxp. 

BaCls.  3H«0 
gms. 

Water, 
cc. 

HCl. 
cc. 

Alcohol, 
cc. 

BaClj. 
gms. 

Loss, 
gms. 

14. 
15. 

0.501 1 
0.5096 

3 

2 

25 
25 

15 
•  10 

0.4228 
0.4278 

0.0043 
0.0066 
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The  experiments  of  Series  C  were  conducted  in  the  same 
ner  as  those  of  Series  A  except  that  the  amount  of  absolute  a] 
indicated  was  added  ai^er  the  precipitation  by  hydrochloric 

The  results  show  the  alcohol  neither  decreased  or  increase 
amount  of  the  solubility  of  the  chlorid. 
SfriFS  D. 

Bip.  BaCI,.    iHiO.  HCI.  BtClf.  UnK. 

16.  0.5019  50  0.4*49  0.0029 

17.  0.5030  50  0.4357  0.OO2J 

18.  0.5030  50  0.4255  0.0024 

19.  0.5016  50  0.4259  0.0017 

20.  0.5022  50  0.4367  0.0014 

In  the  experiments  of  Series  D  the  weighed  barium  c' 
was  placed  in  an  Krlenmeyer  beaker  and  dissolved  in  four  0 
cubic  centimeters  of  water.  The  indicated  amount  of  acii 
then  added,  and  a  stream  of  hydrochloric  acid  gas  was  passi 
two  hours  into  the  cooled  mixture.  The  precipitates  were 
treated  as  in  the  former  experiments.  The  results  showtha' 
in  the  strongest  possible  solution,  at  the  ordinary  temperatu 
hydrochloric  acid,  barium  chlorid  is  soluble  to  a  considerab 
gree,  this  solubility  amounting  according  to  the  first  three  e: 
ments  of  the  series  to  about  one  part  in  20,000.  In  Exp.  i 
19  ten  cubic  centimeters  of  absolute  ether  were  added  to  the 
tion  before  passing  in  the  hydrochloric  acid  gas.  The  r 
showed  that  the  ether  seemed  to  decrease  the  solubility  of  tl 
rium  salt,  and  therefore  the  experiments  of  the  following 
were  undertaken. 

1,0.         HCI.  Elbcr.  BbCI,.  Loh 

re.  cc.  gms.  cmi. 

50  10  0.4267  O.OOCM 

.5002                 50  JO  0.4357  0.000; 

.4999               SO  10  0-4352  "■«»; 

.4999               50  10  0.4258  0.0001 

5«>3               ii  25  0.4259  0.000; 

5002  35  5  0.4262  0.000: 
5099             25  5  0.4344  0.000; 

5003  25  5  0.4261  aooo; 

The  experiments  of  Series  E  were  conducted  as  follows 
amount  of  barium  salt  specified  was  dissolved  in  the  least  < 
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nieiit  amount  of  hot  water  (about  2  cc.)  and  precipitation  was 
brought  about  by  adding  the  indicated  amount  of  concentrated  hy- 
drochloric acid.  The  beaker  containing  the  precipitate  was  then 
placed  in  cold  water  and  the  amount  of  ether  shown  in  the  tables 
was  added  and  mixed  with  the  solutions  by  thorough  stirring.  After 
standing  for  five  or  ten  minutes  the  precipitate  was  filtered  ofif  and 
washed  with  concentrated  hydrochloric  acid  containing  about  10  % 
by  volume  of  absolute  ether  and  dried,  sometimes  in  an  air  bath  at 
165®-!  75°  C.  and  at  others  over  a  radiator  giving  a  temperature 
of  i75°-2oo°  C.  A  constant  weight  was  more  quickly  obtained 
by  the  latter  method  and  it  was  used  exclusively  in  the  experi- 
ments of  the  subsequent  series.  In  using  it  a  low  heat  was  used 
at  first  and  the  temperature  was  not  increased  until  the  precipitate 
was  moderately  dry.  The  results  show  that  barium  chlorid  is 
practically  insoluble  in  a  mixture  of  hydrochloric  acid  and  ether 
containing  about  one-sixth  by  volume  of  the  latter.  The  average 
solubility  calculated  from  the  experiments  given  is  one  part  in 
122,000.  The  actual  solubility  is  less  than  this  since  no  account 
was  taken  of  the  volume  of  the  washings  which  were  at  least  equal 
to  the  original  filtrates. 

Series  F. 


Exp. 

BaCls.  3HtO. 

CaCl,. 

HCl. 

Ether. 

Bad,. 

I«oss. 

gms. 

firms. 

cc. 

cc. 

gms. 

gms. 

29. 

0.5001 

0.5 

50 

10 

0.4250 

0.0013 

30. 

0.4999 

0.5 

50 

10 

0.4250 

O.OOII 

31. 

0.5005 

0.5 

25 

25 

0.4260 

0.0006 

32. 

0.5002 

0.42 

25 

5 

0.4258 

0.0004 

33. 

0.5001 

0.5 

25 

5 

0.4255 

0.0008 

34. 

0.5005 

0.5 

25 

5 

0.4251 

0.0015 

35- 

0.5001 

0.5 

25 

5 

0.4254 

0.0009 

3^ 

0.5001 

05 

25 

5 

0.4258 

0.0005 

37. 

0.5003 

0.5 

25 

5 

0.4261 

0.0004 

38. 

0.1002 

3.0 

25 

5 

0.0842 

O.OOIO 

39. 

0.0107 

3.0 

.  25 

5 

0.0080 

0.0005 

40. 

0.5100 

0-5 

25 

0.4328 

0.0020 

Series  /^was  undertaken  to  test  whether  the  mode  of  precipita- 
ting barium  used  in  the  preceding  series  would  be  of  use  in  the 
separation  of  the  barium  fi"om  calcium.  The  experiments  were 
conducted  as  in  Series  E,  except  that  the  calcium  salt  was  dis- 
solved with  the  barium  chlorid.     It  was  necessary  to  use  more 
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water  than  in  Series  E  to  efiect  solution,  but  as  the  bariua 
was  uniformly  the  last  to  dissolve  the  effect  was  practicall; 
same  as  before.  The  results  show  that  mixtures  of  barium 
calcium  in  all  proportions  are  perfectly  separated  by  this  me 
o.oio  gm.  of  barium  chlorid  being  separated  with  accuracy 
3  gms.  of  calcium  chlorid.  The  calcium  does  not  show  the  si 
est  tendency  to  come  down  with  the  barium,  and  those  experii 
in  which  separation  was  effected  by  the  use  of  25  cc.  of  h 
chloric  acid  and  5  cc.  of  ether  gave  rather  better  results  than 
in  which  double  this  volume  was  employed.  It  is  better  n 
let  the  precipitations  stand  too  long  before  filtration,  even  if 
cold,  as  the  hydrochloric  acid  evaporates  from  the  solutions 
experiments  in  which  filtration  was  delayed  for  about  two  1 
(e.  g.,  Exps.  33,  34,  35)  show  a  rather  larger  loss  than  the 
age.  That  there  is  no  advantage  in  increasing  the  amount  of 
over  the  proportions  used  above  is  shown  by  Exp.  31  whi 
comparable  with  Exp.  23.  In  the  case  of  Exp.  40,  in  whic 
ether  was  used  the  result  is  comparable  with  the  experimen 
Series  A.  The  precipitate  was  washed,  however,  with  the 
ture  hydrochloric  acid  and  ether. 

Bip.      BaCI^  aH,0.  Hgai-  6H^.  HCI.      Ether.  BaCta-  Lou. 

gms.  tyu*.  ex.  cc.  sms.  gnu. 

41.  0.4999  °S  25  5  0-4253  0.0007 

43.  0.5000  0.5  25  5  0.4357  0.0005 

43.  0.1002  3.0  35  5  aoS44  0.0008 

45,  0.0100  3.0  as  5  0.0077  0.0008 

The  experiments  of  Series  G  were  made  in  exactly  the 
manner  as  those  of  Series  F,  except  that  varying  amounts  of 
nesium  chlorid  were  present  instead  of  the  calcium  salt.  Th 
suits  are  uniform  and  exact,  and  indicate  that  barium  may  be 
arated  from  magnesium  when  the  two  are  present  in  any  pn 
tion.  It  is  probable  that  if  magnesium  chlorid  were  present  i 
amount  larger  than  3  gms.  in  30  cc.  it  would  be  necessary  to  i 
two  treatments,  as  under  those  circumstances  it  shows  a  s 
tendency  to  precipitate.  The  amount  of  mixed  salts  present  sh 
always,  therefore,  be  kept  below  this  limit. 

Recapitulation. — Barium  chlorid  is  soluble  to  an  extent  nol 
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ceeding  one  part  in  20,000  in  pure  concentrated  hydrochloric  acid, 
but  the  solubility  increases  very  rapidly  with  the  diminution  in 
the  strength  of  the  acid.  In  concentrated  hydrochloric  acid  con- 
taining ether  it  is  soluble  to  an  amount  not  exceeding  one  part  in 
about  120,000.  To  utilize  this  fact  for  the  separation  of  barium 
from  calcium  and  magnesium  the  chlorids  of  the  earths  are  dis- 
solved in  the  least  possible  amount  of  boiling  water  and  precipita- 
ted by  25  cc.  of  concentrated  hydrochloric  acid  with  the  addition 
of  5  cc.  of  absolute  ether  after  cooling.  The  acid  should  be  added 
drop  by  drop  at  first,  allowing  the  precipitate  formed  to  redissolve 
as  long  as  possible,  as  the  precipitate  is  thus  obtained  in  a  coarse 
cr>'stalline  condition  and  filters  very  quickly  and  is  less  liable  to  in- 
clude foreign  matter.  After  standing  a  few  minutes  the  precipi- 
tate is  to  be  filtered  in  a  Gooch  crucible,  washed  with  hydrochloric 
acid  containing  about  10  per  cent,  of  ether  and  dried  at  150° -200*^ 
C.  The  method  is  accurate  and  rapid,  and  possesses  the  further 
advantage  when  a  number  of  determinations  are  to  be  made  that 
the  precipitate  may  be  dissolved  off  the  felt  by  a  little  water  and, 
after  ignition,  the  crucible  and  felt  may  be  used  again  without  re- 
weighing.  A  felt  upon  which  half  a  dozen  precipitates  were 
weighed  did  not  change  its  weight  to  the  extent  of  one-tenth  of  a 
milligram.  The  fumes  of  the  strong  acid  cause  ho  inconvenience 
if  the  filtration  is  performed  in  front  of  a  good  flue.  A  gas  flame 
may  be  used  in  the  flue  without  danger  from  the  ether  which  seems 
to  be  firmly  held  by  the  hydrochloric  acid.  A  flame  was  used  to 
increase  the  draught  in  all  of  the  experiments  given  and  with  en- 
tire safety,  even  when  the  filtrate  contained  50  per  cent  by  volume 
of  ether. 

The  author  wishes  in  concluding  to  acknowledge  his  indebted- 
ness to  Prof  Gooch  for  many  helpful  suggestions  freely  given  in 
the  course  of  the  investigation. 


NOTES  ON  BUTTER.* 

By  Otto  Hehnkr. 

In  the  last  number  of  The  Analyst,  reference  is  made  to  an  ob- 
servation which   must  have   struck  ever\'  analyst,  namely,  that 
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whilst,  as  a  rule,  genuine  butters  when  carefully  melted,  yield  a 
fat  which  is  practically  clear,  margarines  and  badly  adulterated 
samples  melt  very  turbid. 

I  have  for  about  a  year  past  kept  a  record  of  most  of  the  butter 
samples  which  have  passed  through  my  laboratory,  and  have  noted 
the  appearance  on  melting  the  samples  in  the  water-oven,  also  the 
fact  whether  preservatives  were  found  or  not,  together  with  there- 
suit  of  the  analysis. 

370  samples  have  thus  been  examined  with  the  following  re- 
sults : 

162  melted  clear,  and  were  genuine. 
61  melted  turbid,  and  were  genuifie. 
81  melted  turbid,  and  were  adulterated. 
66  melted  clear,  and  were  adulterated. 

Of  the  370  samples,  214  were  preserved  with  borax  or  with  boric 
acid,  namely  119  genuine  samples,  or  53  per  cent,  of  all  genuine 
samples  ;  and  95  adulterated  ones,  or  65  per  cent,  of  all  adultera- 
ted samples. 

It  is  obvious  from  the  above  table,  that  while  the  majority  of 
genuine  samples,  namely,  72.6  per  cent,  melted  quite  clear,  and 
the  majority,  55.1  per  cent.,  of  the  margarines  more  or  less  turbid, 
nothing  but  the  vaguest  conclusions  can  be  drawn  from  the  ap- 
pearance on  melting.  It  is  true,  that  in  most  cases  in  which  the 
samples  melted  clear  and  yet  were  adulterated,  the  percentage  of 
the  admixture  was  comparatively  small,  say  under  20  per  cent. 
But  I  have  met  with  adulterated  samples  containing  25,  30,  40, 
and  even  94  per  cent,  of  margarine,  and  yet  they  melted  clear. 
These  are  isolated  instances,  but  they  remove  the  method  quite  out 
of  the  list  of  reliable  ones. 

I  am  not  in  a  position  to  criticise  the  statements  made  by  Drouot, 
Besana,  and  Wollny,*  who  all  operated  with  a  little  apparatus  de- 
vised by  Drouot,  whilst  I  simply  melted  my  samples  in  a  small 
beaker  at  the  temperature  of  the  water  oven,  but  my  results  will 
be  sufficient  to  make  analysts  cautious  before  placing  reliance  upon 
such  a  test. 

The  general  use  of  boric  preservatives  should  be  noted. 

♦See  abstract,  Analyst,  vol.  17,  p.  loo. 


NOTE  ON  THE  LEFFMANN-BEAM  METHOD  OF  DETER- 
MINING FAT  IN  MILK.* 

By  Otto  Hehner. 

Drs.  LefTmann  and  Beam  have  been  kind  enough  to  send  me 
one  of  their  centrifugal  machines  for  the  rapid  estimation  of  fat  in 
milk.  I  have  made  a  few  estimations  of  fat  by  means  of  this  ma- 
chine and  give  the  results  in  the  following  table  : 

Pat  by  Coil.        Fat  by  Centrifug^al. 

I 3.89  3.87 

2 2.51  2.54 

3 3-34  3-27 

4 3-32  3.27 

5 2.60  2.45 

6 1.85  1.76 

7 3-i8  3.10 

TYve  results  as  far  as  it  is  possible  to  judge  from  so  limited  a  num- 

"ber  of  determinations,  are  therefore  quite  as  accurate  as  claimed  for 

tViem  by  the  authors  of  the  process.     I  find  one  minute's  whirling 

quite  suflBcient  to  separate  the  whole  of  the  fat.     It  is  therefore 

possible,  by  taking  the  specific  gravity  and  the  fat  by  the  Leffmann- 

Beam  process,  to  obtain  an  accurate  milk  analysis  in  a  very  few 

minutes,  using  Richmond's  and  my  formula  for  the  calculation  of 

the  total  solids,  or  Richmond's  slide  rule. 

I  have  not  yet  had  time  to  investigate  the  exact  rationale  of  the 
method,  which  is  evidently  not  quite  as  simple  as  may  at  first  ap- 
pear. 15  cc.  of  milk  are  taken,  3  cc.  of  a  mixture  of  equal  parts  of 
strong  hydrochloric  acid  and  of  fusel  oil  are  added,  and  then  strong 
sulfuric  acid  up  to  the  neck  of  the  little  bottle  belonging  to  the 
machine.  After  careful  mixing,  so  that  all  caseine  has  dissolved,  hot 
dilute  sulfiiric  acid  is  added  up  to  the  zero  point  of  the  gradua- 
tion. Each  division  of  the  graduation  corresponds  to  0.15  cc.  or 
to  0.1  per  cent,  by  volume  of  fat.  The  figure  thus  obtained  is 
to  be  multiplied  by  0.86  ;  this  is,  however,  not  the  specific  gravity 
of  the  butter  fat,  which  when  read  off  is  but  little  above  its  melt- 
ing point.  I  presume  the  figure  is  one  accertained  empirically, 
as  the  fat,  after  separation  from  the  acid  liquor  beneath  it,  smells 
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354  DETERMINATION    OF   FAT   IN   MILK. 

strongly  of  fusel  oil,  and  is  evidently  not  pure  milk  fat,  but  a 
mixture. 

DISCUSSION. 

Mr.  Alfred  H.  Allen  thought  that  the  graduation  of  the  tubes 
was  based  on  the  fact  that  0.86  was  approximately  the  gravity  of 
milk  fat  at  100°  C,  but  with  a  substance  with  so  high  a  co- 
efficient of  expansion  as  butter  fat,  even  a  moderate  alteration 
in  the  temperature  would,  he  thought,  materially  afiect  the  volume 
registered.  He  would  like  to  know  whether  Mr.  Hehner  had  made 
the  experiment  with  water  instead  of  milk,  and  if  so  whether  any 
fusel  oil  had  risen  to  the  top  of  the  liquid. 

The  President  replied  that  he  had  not  tried  the  experiment. 

Mr.  Allen,  continuing,  said  that  it  was  difficult  to  follow  the 
reasoning  which  led  to  the  adoption  of  an  arbitrary  process.  The 
inventor  began  by  taking  15  cc.  of  milk  ;  and  then  added  a  mix- 
ture of  hydrochloric  acid  and  fusel  oil.  He  presumed  the  acid  was 
used  to  obtain  the  fat  in  a  kind  of  emulsion,  and  on  then  adding 
sulfuric  acid  the  fusel  oil  was  dissolved  and  the  fat  readily  sepa- 
rated from  the  very  dense  liquid.  It  was  also  quite  clear  that  any 
centrifugal  apparatus  would  act  better  with  two  liquids  of  different 
densities,  than  if  they  possessed  nearly  the  same  density.  The 
inventor  could  scarcely  get  very  close  or  accurate  results,  unless 
he  paid  attention  to  the  temperature  at  which  he  measured  the  fat, 
which  could  be  very  easily  done  by  placing  the  tube  in  boiling  water 
before  observing  the  volume  of  the  fat.  The  process  described  was 
an  arbitrary  process  ;  but  if  it  was  really  butter  which  came  to  the 
top,  and  not  butter  fat,  plus  fusel  oil  (which  might  be  the  case),  it 
would  be  possible  to  confirm  the  result  by  the  Werner-Schmidt 
process,  and  at  the  same  time  have  a  very  useful  preliminary  indi- 
cation of  the  amount  of  fat.  In  his  opinion,  the  centrifugal  plan 
ought  to  be  capable  of  being  very  extensively  applied  for  the  sepa- 
tion  of  liquids,  and  had,  in  fact,  been  recently  applied  to  that  pur- 
pose by  Mr.  Thorner. 

Mr.  H.  Droop  Richmond  pointed  out  that  if  the  factor  0.86  was 
probably  obtained  by  dividing  0.89,  the  density  of  butter  fat  at 
about  50°  or  60°  by  1.032  the  density  of  milk,  the  use  of  this  factor 
would  correct  volume  readings  to  weight  percentages.  He  thought 
that  the  error  caused  by  the  contraction  of  the  fat,  owing  to  cool- 
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ing  would  be  practically  negligible  and  would  fall  within  the  un- 
avoidable experimental  error. 

Mr.  A.  W.  Stokes  wished  to  ask  whether  the  President  had 
found  that  the  fat  rose  by  itself,  because  he  (Mr.  Stokes)  had  tried 
an  experiment  in  a  different  sized  glass,  and  he  had  found  that 
casein  rose  from  below  and  mixed  with  the  fat,  and  results  were 
difficult  to  read  off.     Could  the  fat  be  read  off  accurately  ? 

Mr.  Woosnam  wished  to  ask  if  Mr.  Hehner  had  tried  leaving 
the  acid  upon  the  milk  for  any  length  of  time,  to  see  if  it  had  then 
any  effect  upon  the  percentage  of  butter  fat ;  or  whether  in  order 
to  get  an  accurate  result,  it  was  necessary  to  proceed  at  once  with 
the  "whirling  "  in  the  machine?  Were  there  any  black,  solid  par- 
ticles left  in  the  sulfuric  acid  mixture  ? 

Mr.  Hehner,  in  reply,  said  that  he  had  not  tried  the  experiment 
of  leaving  the  acid  in  very  long,  because  he  had  found  from  the 
few  experiments  made,  that  it  was  more  satisfactory  to  perform 
the  experiments  at  high  temperature,  and  not  to  wait  till  the  ap- 
paratus cooled  down.  In  reply  to  the  question  asked  by  Mr. 
Stokes,  he  stated  that  if  the  experiment  were  properly  done,  there 
was  absolutely  no  emulsion  between  the  add  and  the  fat. 


ON  THE  PROPORTION  OF  WATER  IN   BUTTER.* 

By  Alfred  H.  Axlen. 

A  good  deal  of  interest  is  attached  at  present  to  the  proportion 
of  water  which  may  be  properly  contained  in  butter,  in  consequence 
of  the  sudden  appearance  in  the  market  of  butters  containing  an 
unusually  large  percentage  of  water.  In  the  years  1877  and  1878, 
the  West  Riding  officials  submitted  to  me  several-  samples  of  but- 
ter which  were  found  on  analysis  to  contain  large  proportions  of 
water.  Thus  I  certified  to  19.83,  22.24,  a°<i  25  per  cent,  respec- 
tively. Action  was  taken  on  my  certificates  and  convictions  ob- 
tained. Since  that  time  and  quite  recently,  of  the  thousands  of 
samples  of  butter  which  have  passed  through  my  hands,  hardly 
any  have  contained  a  marked  exccess  of  water.  It  would  scarcely 
have  escaped  notice  in  the  ordinary  process  of  preparing  the  but- 
ter-fat, and,  in  fact,  the  recent  cases  have  forced  themselves  on  my 
attention  during  the  ordinary  process  of  analysis,  there-  being  no 
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« 

previous  suspicion  that  an   abnormal   proportion  of  water  was 
present. 

The  first  case  among  those  of  recent  occurrence  was  that  of  a 
sample,  said  by  the  defense  to  be  Cork  butter,  churned  by  small 
farmers  from  the  produce  of  one  or  more  cows  each.  On  analysis, 
I  certified  it  to  contain  22  per  cent,  of  water,  the  amount  actually 
found  being  22.44  P^  cent.,  and  added  that  **  In  my  opinion  any 
proportion  of  water  in  excess  of  16  per  cent,  as  a  maximum  should 
be  regarded  as  an  adulteration.'*  Without  any  evidence  being  ad- 
duced for  the  defense,  it  was  submitted  to  Somerest  House,  when 
Messrs.  Bell,  Bannister  and  Lewin  reported  that  **the  sample  of 
butter  referred  to  in  the  annexed  letter  was  received  here  on  the  9th 
inst.  (December),  securely  sealed.  We  have  analyzed  the  butter 
and  declare  that  it  contains  22.98  per  cent,  of  water.  We  are  of 
opinion  that  such  proportion  of  water  is  in  excess  to  the  extent,  of 
at  least  5  per  cent.*'  This  certificate  is  eminently  characteristic. 
It  states  the  minimum  adulteration  without  going  further  and  say- 
ing what  was  the  excess  of  water  above  the  average  proportion  in 
butter.  It  is  evident,  also,  that  it  fixes  the  Somerest  House  limit 
for  water  in  butter  at  18  per  cent.,  and  affords  one  more  illustra- 
tion of  the  perverse  custom  of  the  Somerest  House  Chemists  of 
straining  every  point  in  favor  of  the  defense,  instead  of  occupying 
the  more  consistent  position  of  impartial  referees  of  the  Court. 

On  page  64,  et  seq,,  of  his  work  on  "Food,"  vol.  ii.,  Dr.  James 
Bell  gives  results  of  the  analysis  of  113  samples  of  butter,  which 
he  says  were  selected  so  as  to  obtain,  as  far  as  possible,  fair  repre- 
sentative samples  of  butter  produced  under  different  conditions ; 
and  in  the  Report  of  the  Board  of  Inland  Revenue^  1876,  he  states 
that  *  *  the  samples  may  be  taken  as  fairly  representing  the  various 
qualities  of  butter  as  made  and  brought  to  market  by  farmers  both 
in  England  and  Ireland.  Every  care  was  exercised  by  the  Board's 
local  ofl&cers  in  procuring  them,  and  there  can  be  no  question 
whatever  as  to  their  being  genuine.'*  I  am  afraid  people  who  live 
in  the  rough  world,  outside  the  circle  of  Arcadian  simplicity  in 
which  Dr.  Bell  apparently  dwells,  will  be  inclined  to  think  that 
the  Irish  peasant-farmer  is  quite  capable  of  taking,  and  even  likely 
to  take,  a  wicked  delight  in  supplying  an  exciseman  with  an  ab- 
normal article.     Dr.  Bell's  remarkable  conclusion  further  presumes 
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that  no  farmer  introduces  an  excess  of  water  into  butter,  or  makes 
an  addition  of  foreign  fat.     This  assumption  is  strictly  opposed  to 
my  own  personal  knowledge  that  margarine  is,  and  has  for  years 
past,  been  habitually  bought  by  dairy-farmers  for  incorporation 
in  the  butter  subsequently  made  and  brought   to   market.     He 
further  contends  that  butter  not  made  for  sale  must  necessarily  be 
genuine,  and  so  practically  extends  the  definition  of  ** genuine'* 
to  any  butter  which  has  passed  through  the  hands  of  a  careless  or 
incompetent  dairymaid,  who  thereby  becomes  the  arbiter  of  qual- 
ity.    But  Dr.  Beirs  more  recent  opinion,  as  laid  down  in  his  work 
on  "Food,**  vol.  ii.,  page  47,  is  that  *' a  greater  amount  of  water 
in  butter  than  12  per  cent,  is  unnecessary  ^  so  far  as  attaining  a  good 
appearance  is  concemedy  and  anything  over  16  per  cent,  is  injurious 
to  the  keeping  qualities  of  the  butter,''     Clearly,  it  was  Dr.  Bell's 
opinion  at  the  time  he  published  his  second  volume  that  16  per 
cent,  is  the  maximum  limit  of  water  to  be  allowed  in  butter,  in 
which  opinion  I  cordially  concur,  but  in  the  modification  of  his 
opinion  for  the  guidance  of  local  magistrates,  who  expect  to  re- 
ceive from  him  impartial  advice,  he  fixes  the  limit  at  18  per  cent., 
and  omits  all  mention  of  either  the  average  or  maximum  propor- 
tion in  well-made  butter.     This  deplorable  omission,  which  is  con- 
sistent with  the  usual  practice  of  the  Somerset  House  Chemists,  is 
of  course,  directly  conducive  to  adulteration. 

In  the  Article  on  '*  Butter  "  contributed  by  Dr.  Bell  to  Thorpe's 
Dictionary  of  Applied  Chemistry  (vol.  ii.,  page  300),  it  is  stated 
that  **  in  commercial  butters  the  water  has  been  found  to  vary  fi-om 
4  to  about  18  per  cent."  Here,  therefore,  Dr.  Bell  abandons  his 
position  that  the  exceptional  butters  included  in  his  113  commer- 
cial samples  were  ** genuine"  and  again  fixes  his  maximum  for 
water  at  **  about  18  per  cent.,"  which  may  therefore  be  regarded 
as  the  present  Somerset  House  limit. 

There  has  lately  been  an  organized  and  systematic  attempt,  em- 
anating from  certain  German  ports,  to  place  heavily-watered  but- 
ter on  the  English  market,  and  hence  public  analysts  should  be  on 
the  look  out  for  samples  of  butter  so  sophisticated. 

In  my  more  recent  certificates  on  watered  butter,  I  have  actually 
quoted  Dr.  Bell's  words,  giving  him  as  an  authority  for  the  state- 
ment that  '*  a  greater  amount  of  water  than  12  per  cent,  is  unnec- 
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essary,  and  anything  over  i6  per  cent,  injurious  to  the  keeping 
qualities  of  the  butter/*  and  have  stated  my  agreement  with  that 
opinion.  Such  a  definite  course  as  this  is  desirable  in  the  face  of 
the  one-sided  certificates  issued  by  Somerset  House,  and  of  the  fact 
that  the  solicitor  for  a  defense  in  a  recent  case  actually  contended 
that  any  amount  of  water  in  butter  was  allowable,  seeing  that  the 
Legislature  had  not  defined  the  amount,  **  finding  it  impracticable 
to  do  so."  Such  assertions  as  these  are  usually  made  in  the  ab- 
sence of  the  analyst,  and  if  he  becomes  aware  of  them,  it  is  only 
by  accident  and  when  the  case  is  at  an  end  ;  but  it  behooves  pub- 
lic analysts  to  correct  such  flagrant  misstatements  of  the  scope  and 
purpose  of  the  Sale  of  Food  and  Drugs  Act. 

In  1875,  the  Society  of  Public  Analysts  proposed  and  adopted  for 
butter  the  limit  of  80  per  cent,  for  butter-fat,  leaving  20  per  cent, 
for  salt,  curd  and  water.  I  think  this  is  a  perfectly  proper  limit, 
but  it  may  be  worth  while  to  restate  the  fact,  as  I  notice  that  at  a 
recent  convention  of  the  American  Association  of  Agricultural 
Chemists,  the  Society's  limit  was  erroneously  stated  to  be  85  per 
cent.* 

In  several  cases  since  the  one  referred  to  Somerest  House,  I  have 
met  with  upwards  of  20  per  cent,  of  water  in  butter,  and  proceed- 
ings have  been  taken  and  convictions  obtained  on  my  certificates. 
In  one  instance  the  proportion  of  water  reached  29  per  cent ! 

In  proceedings  recently  taken  on  my  certificate  for  the  sale  of 
butter  containing  21^  per  cent,  of  water,  two  inspectors  from 
Cork  Butter  Market  were  witnesses  for  the  defense.  Their  evi- 
dence was  of  so  startling  and  novel  a  character  that  a  short  reference 
to  it  will  not  be  out  of  place.  They  swore  that  they  examined  a  ver}' 
large  number  of  samples  daily  ;  such  a  number  that  the  testing  of 
each  must  have  been  completed,  if  I  remember  their  figures  rightly, 
in  a  fraction  of  a  minute.  They  observed  the  taste,  smell,  color 
and  consistency  of  the  butter,  and  were  inclined  to  dispute  the 
analysis,  on  the  ground  that  butter  with  so  large  a  proportion  of 
water  would  not  have  escaped  their  attention.  They  stated  that 
the  proportion  of  water  met  with  in  Irish  butter  sometimes  reached 
20  per  cent ;  but  it  did  not  appear  that  they  had  ever  actually  as- 
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♦To  my  astonishment,  I  find  that  the  S.  P.  A.  limit  is  incorrectly  stated  at  85  per  cent., 
vol.  ii.  of  my  "  Commercial  Organic  Analysis." — A.  H.  A. 
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certained  the  quantity  or  deputed  an  analyst  to  do  it  for  them. 
They,  however,  swore  that  any  abnormal  proportion  of  water  in 
the  sample  was  probably  due  to  the  weather  ;  for  in  wet  weather 
the  food  of  the  cows  was  of  course  wetter,  and  hence  the  butter 
contained  more  water  !  This  novel  and  highly  interesting  state- 
ment was  made  in  the  witness  box.  Further,  they  discriminated 
between  ** water  in  solution"  and  ** water  in  suspension,"  but 
which  of  these  curious  forms  was  the  normal,  and  which  the  ab- 
normal constituent  of  the  butter,  was  not  made  clear. 

I  find  the  proportion  of  water  in  butter  to  be  most  conveniently 
determined  by  placing  5  gms.  of  the 'sample  in  a  small  tared 
beaker,  and  exposing  it  in  an  air-bath,  to  a  temperature  not  ex- 
ceeding 110°  C,  until  no  more  globules  of  water  can  be  observed 
on  looking  at  the  beaker  from  below.  Generally,  the  water  can 
be  completely  expelled  in  about  one  hour.  The  curd  and  salt  can 
be  subsequently  determined  in  the  same  quantity.  After  evapor- 
ating the  water,  the  fat  is  re-melted,  and  filtered  into  a  small 
beaker  kept  in  the  water-oven.  The  residual  matter  is  rinsed  on 
to  the  filter  with  re-distilled  petroleum  spirit,  and  washed  with  pe- 
troleum spirit  until  free  from  fat.  The  filter  is  then  dried  at  ioo° 
C,  and  the  contents  scraped  off  and  weighed.  After  weighing, 
the  residue,  which  represents  the  curd  and  salt  of  the  butter,  may 
be  examined  under  the  microscope  for  starch,  cellular  tissue,  &c., 
and  then,  if  desired,  treated  with  cold  water,  and  the  solution 
further  examined  or  titrated  with  standard  silver  solution  to  esti- 
mate the  sailt.  Usually,  however,  it  is  sufl&cient  to  ignite  the  res- 
idue in  porcelain  at  a  low  temperature,  and  regard  the  non-volatile 
matter  as  salt,  the  combustible  as  curd. 

Some  butters  are  far  from  being  homogeneous,  and  when  possi- 
ble it  is  preferable  to  work  on  25  or  50  gms.  rather  than  on 
smaller  quantities. 

DISCUSSION. 

The  President  remarked  that  lately,  with  the  close  competition 
in  the  butter  trade,  when  5  per  cent,  of  margarine  added  to  butter 
made  mixing  a  profitable  business,  the  attention  of  butter  mixers 
had  again  been  directed  to  the  addition  of  water.  As  Mr.  Allen 
had  said,  having  regard  to  the  systematic  manner  in  which  butter 
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containing  water  was  forced  upon  the  market  by  unscrupulous 
dealers,  every  per  cent,  which  such  men  could  get  recognized  by 
the  referees  at  Somerest  House  would  be  a  considerable  gain  to 
them  and  loss  to  the  public.  In  his  opinion,  there  was  no  reason 
why  a  butter  should  contain  more  than  13  per  cent,  of  water. 
When  the  percentage  of  water  rose  above  1 5  it  was  either  culpably 
added  or  negligently  left  in  ;  and  the  excess  was  not  only  detri- 
mental to  the  public  but  to  the  butter  merchants  themselves.  He 
had  been  told  by  a  merchant  that,  out  of  a  consignment  from  a 
particular  farmer,  out  of  every  hundredweight  of  butter  he  lost  from 
three  to  four  pounds  in  transit.  On  analyzing  a  sample  of  the 
butter  referred  to,  it  was  found  to  contain  18.8  percent,  of  what  the 
Irish  Inspectors  would  call  "undissolved  water.** 

Mr.  Cassal  asked  what  method  Mr.  Allen  used  to  estimate  the 
water  in  butter?  He  wished  to  ask  whether,  on  melting  the 
samples  of  butter,  the  existence  of  any  substantial  adulteration  with 
water  was  rendered  evident  ?  He  understood  Mr.  Allen  to  say  that 
this  was  so  ;  and  if  so,  it  agreed  with  his  own  experience. 

Mr.  Stokes  stated  that  he  examined  every  sample  of  butter  he 
received  microscopically,  and  his  experience  was  that  if  a  butter 
contained  an  abnormal  quantity  of  water  it  could  be  easily  seen. 

Some  years  ago  it  was  a  common  occurrence  to  find  large  quan- 
tities of  water  in  butter  and  lard  ;  but  of  late  they  had  not  been 
so  frequent.  Under  the  microscope  it  could  readily  be  seen  whether 
a  sample  contained  margarine  or  whether  it  contained  an  abnor- 
mal amount  of  water. 

Mr.  Cassal  wished  to  ask  Mr.  Stokes  whether  he  relied  entirely 
on  the  microscopic  examinations  of  his  samples  of  butter  for  tlie 
purpose  of  deciding  whether  they  could  be  passed  or  not  ? 

Mr.  Stokes  replied  in  the  affirmative. 

Mr.  Cassal  would  be  glad,  that  being  the  case,  if  Mr.  Stokes 
would  give  the  Society  full  information  as  to  the  method  of  work- 
ing. His  own  impression  was  that  the  method  was  quite  unrelia- 
ble. He  would  like  to  know  if  Mr.  Stokes  was  able  to  distinguish 
between  a  sample  of  butter  which  contained  from  10  to  12,  and  one 
which  contained  from  18  to  20  per  cent,  of  water  by  microscopic 
examination.    If  so,  the  results  attained  were  certainly  remarkable. 
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as  to  the  presence  or  absence  of  margarine  ;  and  he  had,  therefore, 
declined  in  recent  instances  to  give  them.  He  was  told  a  few  days 
before  the  meeting  that  a  letter  written  by  a  German  house,  con- 
tained the  statement  that  '*  Mr.  Allen  was  entirely  behind  the  age; 
that  he  should  use  the  Reichert  test,  and  he  would  arrive  at  the 
same  results  as  other  gentlemen.**  Seeing  that  he  (Mr.  Allen) 
had  been  among  the  first  to  adopt  the  Reichert  distillation  process, 
and  recommended  it  to  his  brother  chemists  (Analyst,  x.,  103: 
xii.,  II  ;  xiv.,  5),  and  that  at  a  period  when  the  President  (Mr. 
Hehner),  doubted  its  value,  even  as  a  sorting  test,  this  allegation 
was  somewhat  wide  of  the  mark.  But  he  held  very  strongly  that 
an  opinion  on  butter  should  not  be  based  on  the  result  of  any  sin- 
gle test.  There  were  butters  now  in  the  market  which  were  ven^ 
skilfully  adulterated,  and  it  was  only  by  the  combined  application 
of  several  tests  that  the  fraud  could  be  discovered ;  in  fact,  to 
his  knowledge,  it  had  escaped  recognition  in  several  instances  of 
late.  Analysts  ought  to  be  very  careful  not  to  give  to  their  natural 
enemies,  the  adulterators,  information  respecting  the  methods  they 
employed  for  the  making  of  analyses.  The  discussions  at  the 
meetings  of  the  Society  were  extremely  valuable  ;  but  when  it  was 
known  that  The  Analyst  was  bought  reguarly  by  all  sorts  of 
people,  in  order  to  see  what  could  be  done  by  analysts,  and  what 
could  not  be  done,  it  was  evidently  extremely  undesirable  to  let 
the  general  public  know  everything  they  were  doing. 

Mr.  Cassal  drew  attention  to  the  fact  that  a  note  had  appeared 
in  the  Times  on  the  adulteration  of  Normandy  butter ;  and  that  it 
was  pointed  out  therein  that  science  failed  entirely  to  detect  cer- 
tain percentages  of  margarine  in  butter,  but  that  a  test  had  now 
been  devised,  which  was  all  that  could  be  desired,  and  which 
"could  be  applied  by  an  'inspector*  with  the  aid  of  a  boy."  He 
received  Mr.  Stokes*  statement  with  all  respect,  and  he  would 
look  forward  with  pleasure  to  the  further  information  he  had  prom- 
ised to  lay  before  the  Society.  He,  nevertheless,  entertained  con- 
siderable doubt  as  to  the  propriety  of  applying  microscopic  exam- 
ination as  the  sole  test  for  the  passing  of  samples  of  butter. 
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THE  DETERMINATION  OF  CARBON  DIOXID  IN 

THE  AIR  OF  BUILDINGS. 

By  Augustus  H.  Gill,  Ph.D. 

In  the  only  treatise  upon  air  analysis  in  the  English  language, 
the  method  given  for  the  determination  of  carbon  dioxid  admits 
of  no  great  accuracy,  as  results  varying  6  per  cent,  from  an  average, 
and  10  per  cent,  among  themselves,  would  indicate.  The  writer 
recommends  the  following  method,  which  has  been  in  use  in  the 
laboratory  in  almost  the  present  form  for  fifteen  years. 

Both  methods  are  those  of  Pettenkofer,*  which  consists  in 
bringing  a  large  known  volume  of  air  in  contact  with  standard 
barium  hydrate. 

The  bottles  used  for  containing  the  samples  are  ordinary  green 
glass  gallon  or  two  gallon  bottles,  holding  4400  ot  8800  cc.  re- 
spectively ;  they  are  calibrated  with  water,  by  weighing  upon 
scales  sensitive  to  5  gms.,  and  their  capacity  marked  upon  them 
with  a  diamond.  They  may  be  conveniently  transported  from 
place  to  place  in  a  partitioned  basket  made  for  the  purpose. 

The  bellows  there  suggested  (wooden  disks  joined  by  a  strip  of 
rubber,  with  no  valves)  was  found  troublesome  to  manipulate,  and 
has  given  way  to  one  about  to  be  described.  The  nozzle  of  an 
ordinary  9  inch  blacksmith  bellows  is  removed  and  the  opening 
fitted  with  a  valve  oj)ening  outward  ;  this  is  made  by  tying  a  bit 
of  chamois  skin  over  a  cork  which  fits  over  a  tube  passing  into 
the  nozzle  opening.  By  varying  the  position  of  the  cork,  different 
degrees  of  tightness  of  valve  are  attained.  To  the  other  opening 
of  the  bellows,  closed  with  its  usual  valve,  is  fitted  a  cork  carrying 
a  four-foot  piece  of  5^  inch  rubber  tubing  terminating  in  a  light 

*ADnalen,  2«  Supp.  Band,  p.  i. 
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two-foot  brass  tube,  bent  for  insertion  into  the  bottles.  Instead 
of  the  bellows,  a  small  6  inch  fan  blower,  the  driving  parts  of 
which  are  connected  by  rubber  bands  to  render  it  noiseless,  can  be 
used  if  it  is  desired  to  decrease  the  bulk  of  the  apparatus. 

The  bottle  is  fitted  with  a  rubber  stopper,  carrying  a  glass  tube, 
closed  by  a  small  unperforated  rubber  nipple ;  both  the  stopper  and 
nipple  have  been  digested  with  caustic  potash  and  thoroughly 
washed  to  remove  the  superficial  zinc  ox  id. 

The  air  to  be  tested  is  drawn  into  the  bottle  by  means  of  the 
bellows,  fifteen  strokes  being  taken,  sufficing  to  fill  a  four  liter  bot- 
tle four  times,  thus  insuring  a  representative  sample.  In  collect- 
ing this  sample  the  atmosphere  in  the  room  should  be  as  quiet  as 
possible  ;  care  must  be  exercised  to  avoid  the  drafts  or  the  proxi- 
mity of  people. 

When  used  the  bottles  should  be  clean  and  dry ;  by  clean  is  under- 
stood containing  nothing  to  affect  the  barium  hydrate  used.  When 
wet  the  standard  barium  hydrate  is  diluted,  and  as  the  whole  of  it 
is  not  used,  the  determination  is  lost,  unless  the  amount  of  water 
present  be  accurately  known. 

The  operation  of  drying  the  bottles  is  by  no  means  as  troublesome 
as  it  would  appear.  A  small  closet  heated  by  steam  and  provided 
with  suction,  enabling  a  current  of  hot  air  to  be  drawn  into  the 
bottles,  suffices  to  dry  a  dozen  bottles  in  half  an  hour.  The  sam- 
ples are  brought  into  the  laboratory,  the  temperature  of  which 
should  be  a  little  higher  than  that  of  the  place  where  they  were 
taken,  and  allowed  to  stand  half  an  hour,  or  until  they  have  attained 
its  temperature. 

50  cc.  of  the  standard  barium  hydrate  are  now  run  in  rapidly 
from  a  burette  (the  tip  passing  entirely  through  the  tube  in  the 
stopper),  the  nipple  replaced,  and  the  solution  spread  completely 
over  the  sides  of  the  bottle  while  waiting  three  minutes  for  the 
draining  of  the  burette,  before  reading,  unless  it  be  graduated  to 
deliver  50  cc.  The  bottle  is  now  placed  upon  its  side,  and  shaken 
at  intervals  for  40-60  minutes,  taking  care  that  the  whole  surface 
of  the  bottle  is  moistened  with  the  solution  each  time.  The  time 
of  absorption,  ten  minutes,  recommended  in  the  treatise,  is  much 
too  short,  as  the  disappearance  of  the  last  traces  of  carbon  dioxid 
is  very  slow  indeed,  half  an  hour  in  many  cases  being  insufficient. 
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At  the  time  at  which  the  barium  hydrate  is  { 
ture  and  pressure  should  be  noted.  At  the  end  i 
shake  well  to  insure  homogeneity  of  the  sol 
cap  from  the  tube,  and  invert  the  large  bottle  q 
glass  stoppered  bottle,  so  that  the  solution  sha 
with  the  air  as  little  as  possible.  Without  w£ 
to  drain,  withdraw  a  portion  of  15  or  25  c 
stemmed  spherical  bulbed  pipette  and  titrate  1 
(1  cc.  equals  i  mgm.  CO,)  using  rosolic  acid  as 
difference  between  the  number  of  cubic  centi: 
acid  required  to  neutralize  the  amount  of  bariui 
cc.)  before  and  after  absorption,  gives  the  numi 
carbon  dioxid  present  in  the  bottle. 

This  is  expressed  in  cubic  centimeters  under  s 
and  divided  by  the  capacity  of  the  bottle  under  s 
and  the  results  reported  in  parts  per  10.000.  ' 
the  bottle  to  standard  conditions,  a  hygromet 
the  air  in  the  room  from  which  the  sample  was 
This  in  ordinary  cases  is  usually  omitted,  as  I 
vestigation  is  comparative  results,  as  regards  th 
lilation,  and  the  rooms  in  the  same  building  wo 
ciably  in  the  amount  of  moisture  in  the  atmi 
rection  may  make  a  difference  of  about  0.15  pa 

Some  of  the  results  obtained  by  our  studen 
method  are  as  follows : 

Expressed  in  parts  of  CO,  per  io,c 

Room  No.  i*.    No.  4j.  No.  37.         No.  3*.  No.  M- 

5.54  7-34  4-94  5-i6  5.53 

S-S9  7*7  4-89  5"  5-5* 

The  subjoined  results  are  interesting  as  show 
of  the  air  in  a  well-ventilated  lecture  room. 
having  a  capacity  of  24,000  cubic  feet,  and  sui 
feet  of  air  per  hour,  from  three  flues ;  225  stud 

.  ■SDirnricadi],  in  diMinctioD  to  oxalic  acid.  FOBblnonc  to  ci 
min  hydrjie  in  preKdcc  of  Ihe  suspended  barium  cBrbonate, 
"     ■■  ■-  •  frnuCDl  impurity  of  commercial  barium  hydrate. 

.  _i.?—  -r  r. A...  ^..„,.^^,-„  Analysit.  calls  att 

be  alkaline  earth  carbo 
poda  or  potash  be  preaei 
1  Bdiror^  add  to  a  titer. 
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TSt.  Day.  2nd.  Day. 
Time.            Pts.  CO]  in  10,000. 

Before  lecture 11.35                    3.89  4.54 

12.10                    6.07  9.93 

12.20                    8.44  10.27 

12.30                   11.29  10-43 

12.40                   11.38  10.50 

12.50                   10.56  10.58 

End  of  lecture i.oo                    6.62  7.19 

1.30                    3.72  6.10 

The  following  shows  the  distribution  of  carbon  dioxid  in  an 
ordinary  theater : 

COj  per  10,000. 


Floor 39-13  pts. 

ist  Balcony 42.86 

2nd  Balcony 44«72 

Gallery 48.94 

I«ABORATORY  OP  SANITARY  CHEMISTRY  AND  GAS  ANALYSIS, 

Mass.  Institute  of  Technology,  Boston,  Mass. 
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IMPURITY  IN  ZINC. 

By  Frank  I«.  Crobauoh. 

In  the  estimation  of  phosphorus  by  the  reduction  of  the  molyb- 
dic  acid  of  the  phospho-molybdate  precipitate  by  means  of  zinc 
and  sulfuric  acid,  and  subsequent  titration  with  standard  potas- 
sium permanganate,  it  becomes  necessary  to  have  a  positive  know- 
ledge of  the  oxidizable  matter  contained  in  a  sulfuric  acid  solution 
of  an  approximate  weight  of  zinc. 

To  dissolve  zinc  in  dilute  sulfuric  acid  is  a  tedious  and  often  im- 
possible operation. 

The  addition  of  even  small  quantities  of  hydrochloric  acid  where 
the  amount  of  oxidizable  matter  is  small,  as  in  the  case  in  question, 
seems  objectionable. 

To  avoid  this  addition  and  at  the  same  time  obtain  a  rapid  solu- 
tion of  the  zinc  in  sulfuric  acid,  the  following  course  has  been 
adopted  in  this  laboratory  : 

A  potassium  permanganate  solution  was  very  carefully  stand- 
ardized by  aid  of  0.2  gm.  of  iron  wire  dissolved  in  a  strictly  fer- 
rous condition.  Repeated  experiments  showed  that  0.2  gm. 
wire  =  32.5  cc.  potassium  permanganate  solution  =  0.000 1  gm. 
phosphorus.  Next  0.2  gm.  wire  +  5  gms.  zinc  were  dissolved 
with  the  exclusion  of  air  in  i  HjSO^,  1.84  sp.  gr.  +  4H,0,  cooled, 
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and  the  volume  made  up  to  500  cc.  with  cold,  boiled  water,  and 
titrated  with  the  above  potassium  permanganate  solution. 

Four  samples  of  the  same  twenty  pound  lot  of  zinc  required  32.8 
cc.,  32.7)^  cc.,  32.7)^  cc,  and  32.8  cc.,  showing  that  the  5  gms. 
of  zinc  required  on  an  average  0.275  cc.  potassium  permanganate 
solution,  or  since  about  10  gms.  is  consumed  per  determination  of 
phosphorus,  2  X 0,275  =  0.550  cc.  should  be  subtracted  from  the 
reading  of  the  burette  before  the  per  cent,  phosphorus  is  calcu- 
lated, and  we  see  with  a  solution  of  above  strength 

0.550  X  o.oooi        0.000055 

= =  o.ooi  I  per  cent. 

5  5 

that  where  5  gms.  of  sample  is  operated  upon  the  percentage  of 
phosphorus  would  be  too  high  by  o.ooi  i  percent,  were  this  correc- 
tion not  made.  Other  specimens  of  zinc  have  been  treated  with 
equal  success  in  obtaining  the  correction.  The  same  modus 
operandi  may  serve  to  find  the  iron  correction,  and  it  would  seem 
that  by  carefully  oxidizing  0.2  gm.  wire  in  solution  in  sulfuric 
acid  and  passing  through  the  Jones'  Reductor  that  the  increase  in 
amount  of  potassium  permanganate  solution  required,  above  that 
required  in  another  0.2  gm.  portion  dissolved  in  the  ferrous  con- 
dition would  yield  a  valuable  correction  for  the  reductor,  especially 
when  care  is  used  to  preserve  about  the  same  amount  of  free  acid 
in  all  samples  passing  the  reductor. 

The  following  are  some  results  by  Dr.  Drown's  method,  using 
this  correction,  compared  with  the  magnesia  method  : 

Magnesia.  Drown. 

Common  Muck  Bar 274  per  cent        .272  per  cent 

" 112  "  .114       •* 

Bessemer  Iron 045  **  .046       ** 

**  "      .   ." 105  "  .106 

BiUet 088  *•  .088 

Special  Muck  Bar 018  **  .019        '* 

" 012  "  .011 

" 008  "  .006 

"  "        ** 010  "  .012 

Volumetrically 
with  Zn. 

Chandler  Ore  with  Residue  .      .044       "  .043        ** 

Angeline  Hard on        "  .012       ** 

i^aboratory  of 
Stewart  Iron  Company,  Limitrd. 
Sharon,  Pa.,  July  25, 1892. 
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THE  ANALYSIS  OF  ARTIFICIAL  COLORING 

MATTERS. 

By  Louis  Jossph  Matos,  M.B. 

It  is  proposed  to  detail  in  the  present  paper  the  methods  fol- 
lowed in  the  laboratory  of  a  large  textile  establishment,  for  the 
examination  of  the  artificial  coloring  matters.  As  is  well  known, 
very  large  quantities  of  these  colors  are  imported  into  the  United 
States,  and  eventually  find  their  way,  through  sales  agents  or 
otherwise,  to  the  consumers,  very  few  of  the  latter  buying  directly 
firom  the  manufacturer.  These  colors  are  produced  at  the  man- 
ufactory, ordinarily  in  crystalline  form,  some,  however,  being  ob- 
tained in  crusts  or  cakes,  and  others  still,  in  the  form  of  flocculent 
precipitates;  except  in  very  few  instances  are  the  products  put 
upon  the  market  in  the  condition  that  they  are  obtained  at  the 
works.  They  are  mostly  ground  to  a  fine  powder  and  mixed  with 
varying  quantities  of  inert  subtances,  such  as  anhydrous  sulfete 
of  soda,  sulfate  of  magnesia,  chlorid  of  sodium  ;  in  some  cases, 
carbonates,  starches  of  various  kinds,  flour,  dextrin,  etc.,  The 
thought  must  not  be  entertained  that  these  subtances  are  adulter- 
ants in  the  ordinary  sense ;  they  are  added  for  the  purpose  of 
diluting  the  intense  color  which  the  factory  product  possesses,  for 
if  such  was  not  done,  it  would  be  very  difficult  for  a  dyer  to  judge 
the  amount  of  dye  he  requires  to  produce  a  certain  desired  effect. 
Different  coal-tar  colors  require  different  amounts  of  diluents; 
some  are  mixed  with  twenty-five,  or  fifty  per  cent.,  and  in  several 
instances  the  commercial  dye  contains  only  ten  per  cent,  of  real 
coloring  matter.  Starches,  in  the  dilution  of  this  class  of  colors, 
play,  also  a  secondary  part ;  it  is  well  known  that  many  of  the 
tar  coloring  matters,  notably,  some  of  the  alkali  salts,  are  extremely 
deliquescent,  and  to  them  is  added  the  starch,  which  acts  as  an 
absorbent  of  moisture,  and  tends  to  keep  the  dye  dry  and  in  a 
powder,  acting  in  the  same  manner  as  when  it  is  added  to  a  baking- 
powder,  prevents  caking.  When  these  substances  are  added 
in  definite  proportions,  and  for  the  above  purposes,  they  cannot 
be  looked  upon  as  true  adulterants,  and  when  their  percentage 
does  not  sensibly  vary  in  succeeding  lots  of  dye  purchased,  they 
ought  to  be  passed.  True  adulterants  have  been  met  with  in  the 
form  of  sand,  iron-filings,  plaster,  etc.,  but  only  in  rare  cases. 
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Insoluble  Matter, — ^The  contents  of  the  dish  from  the  moisture 
determination  are  taken  and  dissolved  in  a  little  hot  water,  trans- 
ferred to  a  convenient-sized  beaker,  diluted  with  water,  allowed  to 
stand  for  a  while,  decanted  through  a  smcUl  tared  filter,  finally 
bringing  the  sediment  on,  and  washing  until  no  color  remains. 
Dry  as  usual  and  weigh.  In  dissolving  the  dye  for  this  deter- 
mination note  particularly  any  odor  of  dextrin,  which  will  be 
apparent  if  that  substance  is  present. 

Chlorid  of  Sodium, — As  many  coal-tar  colors  contain  chlorin  in 
combination,  the  direct  addition  of  nitrate  of  silver  is  inadmis- 
sible. For  the  determination  of  salt,  an  indirect  method  gives 
very  good  results.  A  weighed  quantity  of  the  dye  (about  two 
grams)  is  ignited  in  a  capacious  porcelain  crucible,  the  ash  heated 
with  boiling  water,  filtered  from  insoluble  matter,  nitric  acid  added, 
and  the  precipitation  proceeded  with  in  the  usual  manner.  The 
use  of  a  large  crucible  for  the  ignition  is  necessary  from  the  fact 
that  a  large  number  of  the  tar  colors  swell  up  to  many  times  the 
original  volume  upon  the  application  of  heat.  The  precipitate  is 
filtered,  washed,  dried,  etc.,  and  from  the  chlorin  found,  the 
amount  of  salt  is  calculated.  In  some  cases,  the  writer  has  ob- 
tained good  results  with  the  following  method :  A  known  weight 
of  the  dye  is  dissolved  in  water,  sulfuric  acid  added,  and  all 
the  color  removed  from  the  solution  by  the  repeated  agitation 
with  ether  in  a  separatory  funnel.  The  chlorin  is  precipitated  in 
the  usual  manner  from  the  colorless  aqueous  solution  remaining. 

Sulfate  of  Soda, — ^This  is  always  determined  from  the  amount 
of  barium  sulfate  obtained  T>y  ordinary  precipitation  from  a  hydro- 
chloric acid  solution.  In  the  event  of  the  dye  being  a  sulfonated 
product,  it  is  necessary  to  precipitate  with  barium  chlorid  in  hot 
solution,  in  which  case  barium  sulfate  and  barium  sulfonate  are 
thrown  down  together,  filter,  wash  well  with  water,  and  while  on 
the  filter,  treat  with  a  solution  of  ammonium  carbonate.  This 
converts  the  barium  sulfonate  to  carbonate,  and  is  easily  removed 
by  the  addition  of  dilute  hydrochloric  acid.  The  residue,  if  any, 
will  be  the  sulfate.     Wash,  dry  and  ignite. 

Sulfate  of  Magnesia, — Whenever  magnesia  is  found  in  a  dye, 
upon  qualitative  examination,  adulteration  is  assured  in  the  sense 
previously  mentioned,  because  magnesia  is  never  a  chemical  con- 
stituent  of  tar  colors.     It  is  estimated  by  direct  determination 
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in  the  ash,  by  dissolving  in  dilute  hydrochloric  acid,  filtering,  and 
to  the  filtrate  adding  ammonium  chlorid  and  hydroxid  to  percept- 
ihle  odor,  followed  with  sodium  ammonium  phosphate,  and 
allowing^  to  stand.  The  precipitate  is  weighed  as  magnesium 
pyrophosphate  (Mg^PjO^). 

Dye-stuffs  containing  sulfisite  of  magnesia  do  not  mix  well  with 
some  dyes  which  are  used  for  printing  goods  to  be  subjected  to 
the  steaming  process  for  fixing  colors. 

Carbonates, — The  safest  way  to  determine  these  substances  is  to 
use  a  carbonic  acid  apparatus.  The  form  the  writer  has  always 
found  most  convenient  is  Dr.  Wetheriirs  ;  whatever  form  is  used, 
it  should  be  light  in  weight. 

Dextrin, — If  its  presence  is  betrayed  as  previously  mentioned, 
weigh  out  two  to  four  gms.  of  the  dye  in  a  small  tared  beaker 
with  a  short  rod,  dissolve  in  a  small  volume  of  water,  and  add  a 
small  quantity  of  absolute  alcohol,  when  the  dextrin  will  be  pre- 
cipitated and  tenaceously  adhere  to  side  of  the  beaker  and  rod, 
allow  to  stand  awhile,  pour  out  carefully,  wash  with  alcohol  several 
times,  dry  and  weigh.  Any  insoluble  matter  present  will  be  en- 
closed with  the  precipitated  dextrin  ;  the  weight  of  the  insoluble 
matter  found  in  the  first  instance,  must  be  subtracted  from  the 
combined  weight  in  this  case,  to  obtain  the  true  weight  of  the 
dextrin. 

Starch. — ^This  substance  is  insoluble,  and  by  weighing  a  quan- 
tity of  the  dye,  dissolving  in  water,  starch  will  remain  with  other 
insoluble  matter,  by  filtering,  washing,  drying  and  weighing,  the 
total  insoluble  matter  is  obtained,  and  by  igniting  this  dried  resi- 
due, and  weighing,  the  combustible  part  can  be  reported  as  starch 
or  flour,  of  course,  based  upon  a  microscopic  examination  of  the 
sediment  obtained  by  allowing  some  of  the  dissolved  dye  to  stand 
in  a  conical  test-glass.  Recourse  should  always  be  had  to  the  use 
of  the  solution  of  iodin,  and  iodid  of  potassium  when  testing, 
microscopically,  for  starch. 

Sugar. — Sugar  is  occassionally  met  with  in  crystalline  dyes 
only.  It  can  be  estimated  in  the  same  manner  as  for  dextrin, 
with  fair  results  when  rapidity  is  desired,  or  accurately,  by  pre- 
cipitating the  coloring  matter  from  a  weighed  quantity  of  dye, 
with  basic  lead  acetate,  and  polarizing,  or  by  inversion  and  titra- 
tion with  Fehling's  solution. 


COMPARISON  OF  METHODS  FOR  THE  STANDARDIZA- 
TION OF  ACID  AND  ALKALINE  SOLUTIONS. 

By  Cbarlbs  t,.  Parsons. 

Owing  to  the  recent  interest  in  methods  for  the  accurate  de- 
termination of  the  strength  of  alkalimetric  and  acidimetric  solu- 
tions, made  manifest  by  numerous  published  papers  and  discussions, 
and  to  the  undoubted  importance  of  the  subject,  I  have  made  many 
analyses  by  the  more  important  methods  in  order  to  compare 
results. 

Three  solutions  were  prepared  ;  one  of  hydrochloric  acid  about 
fifth  normal,  and  one  each  of  ammonia  and  barium  hydroxid  of 
approximately  tenth  normal  strength.  These  are  the  solutions 
commonly  used  in  this  country.  They  were  made  from  pure 
chemicals  and  were  protected  from  addition  of  moisture  and  of 
carbon  dioxid  where  necessary. 

The  ammonia  and  barium  hydroxid  solutions  were  purposely 
made  so  that  two  cubic  centimeters  of  either  should  exactly  equal 
one  of  the  hydrochloric  acid. 

The  strength  of  the  ammonia  was  determined  directly  by  means 
of  ammonium  platinic  chlorid,  by  potassium  tetroxalate,  and  by 
acid  potassium  tartrate.  Portions  of  the  barium  hydroxid  solu- 
tion were  precipitated  as  barium  sulfate  or  were  titrated  against 
potassium  tetroxalate.  The  strength  of  the  hydrochloric  acid 
was  ascertained ;  by  titration  against  ammonia  distilled  from  a 
known  amount  of  ammonium  chlorid ;  by  pure,  transparent  and 
colorless  Iceland  spar ;  and  by  precipitation  as  silver  chlorid. 

The  remainder  of  the  results  given  are,  of  course,  obtained  by 
comparison  of  the  solutions,  but  are  none  the  less  important  and 
accurate.  Lack  of  time  and,  for  the  time  being,  ineflScient  bat- 
teries prevented  my  working  with  the  copper  sulfate  method  of 
Hart  &  Croasdale,*  and  I  realize  this  to  be  a  serious  omission, 
which  circumstances  rendered  unavoidable. 

The  indicators  used  were  for  each  case  those  which  in  my  ex- 
perience have  proven  to  be  the  best. 

The  following  are  the  results  obtained  : 

*J.  Anal.  Appl.  Chcm,  4,  424. 
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Standardization  of  HO,  NH^and  Ba{OH^  Solutions 

by  Different  Reagents. 

I  cc.  HCl  solution  =  2  cc.  NH,  solution. 
I  cc.  HCl  solution  =  2  cc.  Ba(OH),  solution. 


METHOD. 


By  precipitation  as  (NH4),PtCl« 

By  neutralization  with  HKC,04H,C204-i- 

2H,0 

By  neutralization  with  KHCAH^Oe 
By  precipitation  as  AgCl  .... 
By  pare  pulverized  Iceland  Spar 
By  distUIation  of  NH,  from  NH4CI 
By  precipitation  as  BaS04   .... 
By  HKC,04H,C,04+2H,0  .... 


•S 

a 


•2§ 

'"I 

«  . 

Om 


Litmus 
Litmus 

Cochineal 
Cochineal 

Phenol- 
iphtiialein 


.001545 

.001560 
.001564 
.001558 
.001567 
.001563 


•"■3 

li 


o  r 

a  t 


.006634 

.006698 
.006716 
.006679 
.006728 
.006717 
.006676 
.006722 


.007822 
.007880 
.007866 
.007820 
.007875 


The  potassium  tetroxalate  was  prepared  by  myself  from  K,COj 
and  H,C,04  and  was  recrystallized  six  times,  being  washed  once 
with  distilled  water  by  decantation  after  each  crystallization. 

The  acid  potassium  tartrate  was  prepared  by  myself  from  the 
purest  cream  of  tartar  obtainable,  was  heated  with  HCl,  washed 
and  crystallized  according  to  directions  of  Dr.  Bomtrager  {Ztschr, 
anal,  Chem.  81,  56),  and  was  further  recrystallized  three  times, 
as  the  directions  given  did  not  prove  sufficient  in  my  hands  to 
give  a  pure  salt.* 

A  glance  at  the  above  table  indicates  one  general  feature,  which 
is,  that  in  every  case  the  figures  obtained  by  gravimetric  methods 
are  lower  than  those  obtained  by  the  volumetric.  This  is  probably 
what  would  be  generally  expected ;  for,  of  the  two,  the  tendency 
toward  loss  of  substance  and  consequently  lower  results  is  certainly 
more  for  methods  involving  the  manipulation  incident  to  gravi- 
metric ones.  The  results  are,  however,  on  the  whole  good.  Those 
obtained  by  silver  chlorid  and  barium  sulfate  agree  closely,  and 
the  lower  result  obtained  by  ammonium  platinic  chlorid  is  easily 

accounted  for  by  the  comparatively  high  solubility  of  the  salt.     I 

•See  second  article  following. 


374  METHODS   FOR  STANDARDIZATION. 

have  no  hesitancy,  when  convenience  is  also  taken  into  considera- 
tion, in  placing  the  determination  as  silver  chlorid  at  the  head  of 
gravimetric  methods. 

With  volumetric  methods  the  case  is  somewhat  different.  The 
absolute  composition  and  purity  of  the  salt  used  as  a  standard  and 
its  efflorescent  and  deliquescent  properties  become  of  the  greatest 
importance.  No  substance  whose  accurate  composition  cannot  be 
definitely  known  at  any  time  can  be  used.  I  will  take  up  each 
method  by  itself. 

By  distillation  of  ammonia  from  an  alkaline  solution  of  ammo- 
nium chlorid  results  seem  to  be  invariably  high  while  still  agree- 
ing fairly  well  with  other  methods.  This  is  the  general  testimony 
of  chemists,  and  the  reason  may  probably  be  ascribed  to  impuri- 
ties in  the  so  called  chemically  pure  salt.  Higher  results  still  are 
obtained  after  all  precautions  are  taken.  The  reaction  obtained 
with  cochineal  is  of  course  sharp,  and  duplicates  generally  agree 
closely. 

The  Iceland  spar  used  was  transparent  and  colorless,  was  finely 
pulverized,  and  dried  for  several  hours  at  ioo°.  The  results  here 
are  also  slightly  high,  but  the  tendency  is  also  toward  high  re- 
sults, not  only  on  account  of  the  danger  of  the  presence  of  minute 
quantities  of  carbon  dioxid,  not  removed  by  boiling,  but  from  the 
fact  that  the  titration  is  carried  from  acid  to  alkaline  reaction  and 
calculations  made  directly  on  acid.  The  one  or  tw^o  extra  drops 
of  alkali  required  to  show  alkaline  over  acid  color  easily  account 
for  most  of  the  increase.  Unless  the  mineral  is  very  finely  pulver- 
ized, it  dissolves  but  slowly  in  the  very  weak  acid. 

The  results  obtained  by  acid  potassium  tartrate  were  near  the 
average  after  the  salt  was  obtained  pure.  The  preparation  of  the 
salt  is,  however,  tedious  on  account  of  its  extreme  insolubility, 
and  the  tendency  is  to  be  too  acid,  and  consequently  to  give  low 
results.*  The  chief  difficulty  encountered,  however,  was  my  ina- 
bility to  find  an  indicator  except  phenol-phthalein,  whose  reaction 
should  be  as  definite  as  desired  in  its  presence.  It  was  found  nec- 
essary for  accurate  work  to  average  several  analyses.  Four  or 
five  drops  of  decinormal  ammonia  solution  were  generally  necessary 
to  show  certain  color  in  either  direction.     The  salt  does  not  con- 

•Sec  second  article  foUowing:. 
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tain  water  of  crystallization,  and  may  be  dried  at  the  temp 
of  boiling  water. 

The  determiDations  made  by  the  aid  of  potassium  tetroxa 
almost  exactly  the  average  of  all  results,  both  gravimet 
volumetric,  and  are,  in  my  opinion,  the  most  accurate, 
attempt  to  show  in  the  following  paper  that  the  salt  is  eas 
definitely  prepared,  and  that  tbe  chief  objection  raised  agE 
viz.,  that  it  contains  water  of  crystallization,  is  in  this  < 
least,  inoperative.  Its  reaction  with  litmus  is  decidedly  si 
an  organic  salt,  and  most  excellent  duplicates  are  easi 
quickly  obtained.  The  feet  that  much  of  the  tetroxalate 
market  is  a  mixture  of  the  tetra  and  normal  oxalate,  ai 
before  recrystallization  many  have  not  first  added  excess  ol 
acid  does,  to  my  mind,  acconnt  for  the  recent  disrepute  ii 
the  salt  has  apparently  fallen. 
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Bv  Chablks  I..  Faisohb. 

The  following  set  of  analyses  was  undertaken  to  find 
possible,  the  reason  why  potassium  tetroxalate  has  failed 
good  results  in  the  hands  of  many  chemists  as  a  stand 
alkalimetric  work  while  it  has  been  held  by  others  to  give 
satisfaction. 

In  order  to  study  commercial  samples,  an  order  was  sen 
different  firms  for  one  ounce  of  their  besl  tetroxalate  and 
the  firms  were  asked  to  send  one  ounce  of  each  make  they 
stock,  giving  manufacturers'  names.  The  results  on  the  i 
received  with  a  few  samples  from  other  sources  are  given 
fallowing  table : 

Potassium  Tetroxalate. 

Comparison  of  different  makes,  keeping  qualities,  hyj 
icity  recrystallization,  etc. 

Litmus,  prepared  according  to  Sutton,  having  been  foui 
the  best  indicator,  was  used. 

I  cc.  NH,  solution  :=  .001 558  by  comparison  with  HCl  b 
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i 


la 

b 
2a 


2b 


3a 


3b 


From  Whom 
Received. 


Mr.  Van  Slyke* 
Mr.  Van  Slyke 

Eimer  &  Amend 


Eimer  &  Amend 


8 


lO 


Eimer  &  Amend 


Richards  &  Co. 


Landenberger 


E.H.Sargent&Co, 


J.  W.  Queen  &  Co. 


J.  W.  Queen  &  Co. 


Henry  Heil  &  Co. 


Manufacturer  or 
Name  on  Isabel. 


Baker  &  Adamson 
Baker  &  Adamson 


Eimer  &  Amend 


Eimer  Sa  Amend 


How  Prepared 
for  Analysis. 


As  received. 


«'«  = 

SH  e 


.001731 


Recrystallized  3  times.  .001569! 
Dned  over  H,S04. 

Recrystallized  3  times  in  .001574J 
September,  1889,  with 
excess  of  oxalic  acid. 
Not  dried  for  2  years 
8  months. 

Same,  but  dried  18  hours  .001575 
over  HjSO^. 


Made  in  our  Labo-  Recrystallized    3   times, 
ratory  from  E^CO,      Dned  over  H^O^. 
and  HaCjO^. 

Recrvstallized    6  times. 
Dned  over  H,S04. 


Made  in  our  I^abo- 
ratory  from  K,COj 
and  HjCjO^. 

Eimer  &  Amend 
E.  Merck 
E.  Merck 
E.H.Sargent&Co. 
Baker  &  Adamson 
E.  Merck 
E.  Merck 


As  received,  but  dried 
over  H2SO4. 

As  received,  but  dried 
over  H^04. 

As  received,  but  dried 
over  HaS04. 

As  received,  but  dried 
over  H^04. 

As  received,  but  dried 
over  iH,S04. 

As  received,  but  dried 
over  H,S04. 

As  received,  but  dried 
over  H,S04. 


.001565 

.001561 

.001568 
.001572 
.001571 
.001858 
.001720 
.001563 
.001574 


^Reporter  on  nitrogen  for  Association  of  Official  Agricultural  Chemists. 

t  Excess  of  oxalic  acid  added  before  recrystallization. 

X  Was  ordered  as  tetroxalate,  and  so  labeled,  but  was  barely  acid  in  reaction,  was 
nearly  the  normal  oxalate. 
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a.  Character  of  samples  on  the  market. 

An  examination  of  the  above  figures  shows  at  once  that,  while 
potassium  tetroxalate  is  obtainable  of  a  fair  degree  of  purity,  the 
chemical  market  cannot  in  this  case,  as  in  many  others,  be  de- 
pended upon  to  furnish  a  strictly  chemically  pure  salt.  In  discuss- 
ing the  subject,  I  shall  take  the  result  under  3^  as  a  standard, 
believing  it  to  be  more  accurate  than  that  obtained  by  comparison 
with  the  hydrochloric  acid  solution  standardized  by  silver  chlorid, 
although  this  result  is  placed  above  the  table,  that  any  may  refer 
to  it  who  desire. 

Leaving  out  No.  2,  which  was  ordered  in  Sept.,  1889,  and 
which,  when  received,  turned  out  to  be  the  almost  pure  normal 
oxalate,  we  find  that  three,  viz.;  Nos.  ifl,  7  and  8  were  mixtures 
of  acid  potassium  oxalate  and  the  tetroxalate,  while  the  other 
five,  four  of  which  were  of  Merck's  manufacture,  were  prac- 
tically pure.  It  is  specially  noticeable  that  in  no  case  was 
there  an  excess  of  oxalic  acid  present,  while  in  Nos.  ifl,  7  and  8 
a  sufficient  quantity  had  not  been  added.  Nos.  4,  5,  6,  9  and  10 
run  quite  close  together,  and  are  nearly  up  to  the  standard  of  a 
tetroxalate  recrystallized  three  times  after  addition  of  oxalic  acid, 
but  each  might  be  somewhat  improved  by  such  recrystallization. 

h.  Preparation  of  pure  potassium  tetroxalate. 

The  preparation  is  easily  and  speedily  accomplished,  either  from 
the  tetroxalates  as  bought,  or  from  potassium  carbonate  and  oxalic 
acid.    In  the  cases  i^,  2a,  2b,  ^a  and  3^,  the  salt  was  recrystallized 
from  boiling  solution  with  addition  of  oxalic  acid  previous  to  the  first 
crystallization.    In  each  case  the  salt  came  down  in  well-formed 
cr^'stals  on  the  natural  slow  cooling  of  the  solution,  the  superna- 
tant liquid  was  discarded,  the  crystals  were  washed  once  by  de- 
cautation  with  distilled  water,  recr>^stallized  again  firom  pure  dis- 
tilled water  a  sufl5cient  number  of  times,  pressed  between  filter 
papers,  and  dried  over  night  in  a  desiccator  above  sulfuric  acid. 
It  seems  to  be  advisable  to  continue  the  first  heating  in  presence 
of  oxalic  acid  for  at  least  an  hour.     This  was  especially  apparent 
in  the  case  of  3a.     Sufficient  oxalic  acid  had  been  added,  but  the 
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crystals  first  formed  were  a  mixture  similar  to  Nos.  la,  7  and  8, 
and  were  only  purified  on  further  addition  and  heating  with  oxalic 
acid.  The  last  part  of  the  reaction  seems  to  take  place  slowly, 
which  may  account  for  the  trouble  in  the  three  impure  samples. 
The  work  was  very  easily  carried  out,  three  crystallizations  being 
easily  made  in  the  course  of  as  many  hours  with  little  time  taken 
from  other  work.  In  no  case  was  there  an  excess  of  acidity  or  a 
loss  of  water  of  crystallization,  either  of  which  would  mean  a  de- 
crease in  the  amount  of  ammonia  found  in  one  cubic  centimeter. 
The  fact  that  this  is  the  case,  and  that  the  results  compare  as  they 
do  with  those  obtained  by  other  methods  of  standardization,  is 
largely  proof  of  the  purity  of  the  salt.  If  there  had  been  an  excess 
of  acidity,  as  claimed  by  many  members  of  last  year's  Association 
of  Ofl&cial  Agricultural  Chemists,*  the  results  would  be  lower  than 
those  obtained  by  silver  chlorid,  for,  more  acid  to  a  certain  weight 
means  that  a  greater  number  of  aibic  centimeters  of  the  ammonia 
solution  would  be  required  to  neutralize  that  acid^  and  consequently 
one  cubic  centim^eter  on  calculation  would  appear  to  contain  less 
ammonia.  This  is  contrary  to  the  general  concensus  of  opinion 
that  potassium  tetroxalate  gives  higher  results  than  silver  chlorid 
and  taken  in  connection  with  the  above  table  of  results,  leads  me 
to  believe  that  excess  of  oxalic  acid  is  never  a  fault  in  a  properly 
recrystallized  or  a  commercial  chemically  pure  potassium  tetroxa- 
late. As  the  recrystallization  of  the  salt  is  so  easily  accomplished, 
I  believe  it  best  for  the  sake  of  extreme  accuracy  to  recrystallize 
more  than  three  times,  and  the  results  in  3^  would  seem  to  indi- 
cate this.  While  the  change  made  by  the  three  extra  crystalliza- 
tions is  only  slight,  I  believe  it  to  be  worth  while  to  do  this  extra 
work  as  a  safeguard,  especially  as  the  salt  once  prepared  will  be 
of  service  for  a  long  time. 

c.  Does  the  salt  lose  or  gain  water  under  ordinary  conditions  f 

* 

Potassium  tetroxalate  loses  water  of  crystallization  at  100°  quite 
noticeably,  and  drying  at  this  temperature  is  out  of  the  question. 
Such  drying,  however,  is  by  no  means  necessary  or  even  desirable. 
Fortunately  for  the  purposes  of  this  section  I  had  prepared  some 

•BuUetin  31.    Division  of  Chemistry,  U.  S.  Dcpt.  of  Agriculture,  pages  131,  144  ^^  '>♦■ 
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tetroxalate  from  normal  potassium  oxalate  nearly  three  years  ago. 
During  this  time  the  bottle  containing  the  salt  has  been  opened 
from  time  to  time  and  portions  removed,  but  the  remainder  had 
not  b^n  dried  or  otherwise  tampered  with  during  that  time.     It 
gave  as  removed  from  the  bottle  without  drying  a  result,  2a,  fully 
as  close  to  that  obtained  by  silver  chloride  as  when  the  salt  was 
first  prepared,  fairly  within  the  limits  of  error,  and  agreeing  closely 
with  the  other   freshly  prepared   and  three-times  recrystallized 
tetroxalates.    This  would  show  that  the  substance  was  not  hygro- 
scopic, as  it  had  been  freely  exposed  to  atmospheric  influences. 
The  result  given  in*  2*,  reached  after  drying  the  same  crystals  for 
eighteen  hours  over  sulfuric  acid,  shows  that  no  loss  of  water  of 
crystallization  took  place  during  three  years.    In  order  to  test  this 
latter  point  still  further,  I  placed  6  gms.  of  broken  fragments  of 
crystals  of  potassium  tetroxalate  in  a  desiccator  over  fresh  concen- 
trated sulfuric  acid.     For  several  days  there  was  no  loss  apparent 
to  the  balances,  but  after  forty  days  a  loss  of  one  milligram  was 
indicated.     This  loss,  when  calculated  to  the  .2  gm.  tetroxalate, 
used  in  an  analysis,  amounts  to  .000032  gm.,  a  quantity  much  less 
than  any  of  our  balances  will  show.     The  loss  was  now  more 
rapid,  but  even  when  the  last  weight  was  taken,  after  three  months 
drying,  the  loss  was  insignificant.     It  was  sufficient  merely  to 
change  the  result  .001561  to  .00156097,  just  three  points  in  the 
eighth  decimal  place.    As  it  is  never  necessary  to  dry  the  tetroxa- 
late over  sulfuric  add  for  more  than  twelve  hours,  I  think  I  can 
safely  say  that  the  presence  of  water  of  crystallization  in  this  salt 
is  in  nowise  an  objection. 

d.  On  the  use  of  indicators  zidth  potassium  tetroxalate, 

Phenol-phthalein,  litmus  and  coralline  give  a  sharp  reaction,  but 
phenol-phthalein  is  to  be  recommended  where  fixed  alkali  solutions 
are  to  be  titrated  against. 

Litmus  prepared  according  to  Sutton  gives  a  sharp  reaction 
with  ammonia  solution.  The  change  of  color  should  be  from  acid  to 
alkaline,  and  the  point  taken  is  the  distinct  appearance  of  the  blue. 
The  shade  of  red  begins  to  change  before  this  point  is  reached, 
but  the  appearance  of  the  blue  is  sharp  and  not  to  be  mistaken. 
Well  agreeing  results  can  be  obtained  with  varying  quantities  of 
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tetroxalate,  which  would  not  be  the  case  if  the  change  were  doubt- 
ful. Coralline  also  has  a  fairly  sharp  reaction,  but  does  not  equal 
litmus  in  this  respect. 

Cochineal  becomes  decidedly  alkaline  in  color  several  tenths  of 
a  cc.  before  this  point  is  reached  with  any  of  the  preceding,  and 
cannot  be  used. 

Di-methyl-anlin  orange  and  turmeric  change  gradually  during 
the  addition  of  many  cubic  centimeters  of  alkali,  and  the  first  be- 
comes fully  alkaline  in  color  when  the  tetroxalate  is  about  half 
neutralized.  As  has  long  been  known,  this  indicator  cannot  be 
used  with  organic  adds,  nor  does  this  case  prove  to  be  an 
exception. 


ACID  POTASSIUM  TARTRATE. 

By  Charlbs  L.  Parsons. 

H.  Bomtrager  {Chem.  Zeit,^  1881,  p.  519),  H.  Heidenhain 
{Ztschr.  anal.  Chem,,  1892,  p.  226),  and  A.  Bomtrager  {Ztsckr, 
anal,  Chem,^  1892,  p.  56),  have  recommended  acid  potassium 
tartrate  as  a  means  for  the  standardization  of  acid  and  alkaline 
solutions.  In  order  to  try  this  salt,  I  made  up  some  according  to 
the  directions  given  by  the  last  named  person,  but  found  it  neces- 
sary, in  order  to  get  the  pure  salt,  to  crystallize  three  times  in 
addition. 

The  following  are  the  results  obtained  : 

Prepared  according  to  direction,  i  cc.  NH, solution  =  . 001536  gms.  NH, 
Recrystallized  twice,  "        "  **        =.001551  " 

three  times,  '*       "         "        =.001564 


By  potassium  tetroxalate  ^=.001 561 


ft 


Good  results  were  obtained  with  the  pure  salt.  The  reaction 
with  litmus  was,  however,  not  so  sharp  as  with  tetroxalate,  and  a 
number  of  determinations  must  be  made  with  this  indicator  to  be 
sure  of  results.  It  has  also  the  disadvantage  of  being  much  more 
tedious  to  prepare  than  the  tetroxalate,  and  so  far  as  my  work 
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goes  shows  no  advantages  whatever  over  the  latter. 

The  tendency  in  the  above  is  to  retain  an  excess  of  acid,  proba- 
bly tartaric,  set  free  in  small  quantity  by  the  hot  hydrochloric  acid. 
The  acid  tartrate  was  washed  after  boiling  with  hydrochloric  acid 
until  the  latter  had  been  completely  removed. 


THE  PRECIPITATION  OF  PHOSPHO-MOLYBDATE  OF 
AMMONIA  IN  THE  PRESENCE  OF  ARSENIC. 

By  H.  C.  Babbitt. 

Unquestionably  many  of  the  discrepancies  in  phosphorus  de- 
terminations by  molybdate  methods  may  be  traced  to  the  presence 
of  arsenic  and  the  precipitation  of  the  phospho-molybdate  at  so 
high  a  temperature  that  a  portion,  at  least,  of  the  arsenic  is  pre- 
cipitated. To  illustrate  this  point,  the  following  experiments 
were  made  :  To  one  gram  of  steel  (phosphorus  =  .006,  arsenic  nil) 
.0133  gm.  of  arsenic  in  the  form  of  sodium  arsenite  was  added. 
The  sample  was  dissolved  in  nitric  acid,  oxidized  with  potassium 
permanganate ;  in  fact,  treated  as  an  ordinary  phosphorus  determi- 
nation, the  AsjOj  by  this  treatment  being  oxidized  to  Asfiy 
Ammonium  molybdate  was  added  (Wood's  1888  formula),  and 
the  precipitation  made  at  the  following  temperatures  : 

Precipitated  at  S^^  C.  =.0100  gm.  arsenic  =  75.2%  of  arsenic  added. 


"  70°  C.  —  .0085  " 

-  63.9% 

"  6o«  C.  —  .0016  " 

12.0^ 

**  50®  C.  —  .00104  " 

-  7.8/^ 

"  40°  C.   .00104  ** 

-  7.8% 

"  35**  C 00057  " 

-  4*3% 

"  30OC.— .00033  " 

-    2.5% 

*'  2$^  C.  =  .00003  " 

.2% 

As  the  amount  of  arsenic  precipitated  at  25®  C.  is  within  the 
limits  of  experimental  error,  the  conclusion  drawn  from  these  ex- 
periments is,  that  if  the  temperature  of  precipitation  is  kept  at  or 
below  that  point,  the  presence  of  arsenic  hafe  no  influence  on  the 
accuracy  of  phosphorus  determinations,  while  above  that  tempera- 
ture there  is  a  possibility  of  suspicion. 

Wbli^man  Iron  and  Stebl  Co,, 
Thurlow,  Pa. 


ATOMIC  WEIGHTS. 

Editbd  by  p.  W.  Clarke. 

Oxyg^en. — Leduc,  oxidizing  hydrogeh  over  copper  oxide,  by 
Dumas*  method,  with  special  precautions  and  all  corrections  ap- 
plied, gets  the  following  results  for  this  constant : 

19.6844  gms.  O  gave  22.1632  gms.  H3O.    O  =  15.882. 
'       "     "     19.7403     "       •*        0  =  15.880. 

— Compt,  Rend,  115,  41. 


17.5323 


Nickel  and  Cobalt. — A  few  experiments  upon  the  atomic 
weights  of  these  metals  have  been  recorded  by  Schutzenberger. 
First,  pure  NiSO^,  dried  at  440®,  was  reduced  by  heating  to  NiO. 


3.503  gms.  NiS04  gave  1.690  gms.  NiO.     Ni  =  58.57. 
2.6008   "         "  "     1.2561  "        "        Ni  =  58.72. 


Secondly,  pure  NiO  was  reduced  by  hydrogen  to  metallic 
nickel. 

1.6865  g*>is.  NiO  gave  1.3245  gms.  Ni.    Ni  =  58.50. 
1.2527     '«       "        "      .9838     "  ■   "      Ni  =  58.53. 

One  similar  experiment  with  cobalt  oxide  gave  as  follows : 
3.491  gms.  CoO  gave  2.757  gms.  Co.     Co  =  60.00. 

The  results  given  for  the  atomic  weights  are  as  computed  by 
Schutzenberger. — Compt.  Rend.  114,  1149. 

Cadmium.  —  Morse  and  Jones  have  determined  the  atomic 
weight  of  this  metal  by  two  methods ;  the  starting  point  being 
cadmium  distilled  in  vacuo,  and  spectroscopically  pure. 

First,  cadmium  was  oxidized  by  nitric  acid  to  nitrate,  and  the 
latter  was  reduced  to  oxide  by  ignition.  Ten  syntheses  of  the 
oxide  thus  effected  gave  the  following  results  : 

0  =  16. 


1. 77891  gms.  Cd  gave  2.03288 gms.  CdO.  Cd  =  1 12.070. 

2.08544  ••  *'  •'  112.078. 

1.99626  *'  **  *'  112.078. 

1. 79418  '*  "  *'  112.053. 

2.26820  '*  **  "  112.061. 

2.59751  "  **  "  112.059. 

2.00775  "  "  "  112.086. 

194305  "  "  "  112.059. 

2.19679  "  "  *♦  112.083. 

2.19502  "  '*  "  112.078. 


1.82492 
1.74688 
1.57000 
1. 98481 
2.27297 

1.75695 
1.70028 
1.92237 
1. 92081 
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Mean,  Cd  =  112.0705 
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The  second  method  was  that  used  by  Lenssen  and  by  Partridge, 
and  consisted  in  igniting  cadmium  oxalate  to  oxide.  As  the  oxa- 
late is  very  hygroscopic,  great  care  was  taken  to  dry  it  thoroughly 
before  iwreighing.     Five  experiments  were  made,  as  follows  : 

O  =  16.    C  =  12.001. 


1-55937  gnis-  oxalate  gave  .98526  gms.  oxide.  Cd  =  112.026. 

1.77483     "         "         "    1.13582    "        •*  "     111.981. 

1.70211     "         ^*         "    1.08949    **        *'  ••     112.049. 

1.70238     "         *•         "    1.08967    '*        "  "     112.051. 

1.74447     "         *'         "    1.11651    "        "  »•     112.019. 


Also, 


Mean,  Cd  =  112.025. 

— Doctoral  Dissertation  by  H.  C.  Jones,  Baltimore,   1892. 
Am.  Chem,  J,  14,  261. 

The  atomic  weight  of  cadmium  has  also  been  measured  by 
Lorimer  and  Smith,  who  precipitated  the  metal  electrolytically 
froin  a  cyanide  solution  of  the  oxide.  Nine  experiments  gave 
values  as  follows,  when  O  =  16  : 


•34767  gm.  CdO  gave  .30418  gm.  Cd. 

.41538 
1.04698 

1.04066 

1.26447 

.78493 
.86707 

.67175 
1.44362 
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.36352 
.91618 

.91500*  '* 
1. 10649 

.68675 
.75884 
.58785 
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Cd  =  111.908. 
1 1 2. 156. 
1 12. 148. 
1 1 1.924. 
112.064. 
III. 917. 
1 12. 182. 
1 12. 105. 
112.087. 


Mean,  Cd  =  112.055 
— Ztschr,  anorg,  Chem.  1,  364. 

Boron. — The  posthumous  paper  upon  the  atomic  weight  of 
boron,  by  the  late  J.  L.  Hoskyns-Abrahall,  edited  by  T,  £wan 
and  P.  J.  Hartog,  has  at  last  been  published.  First,  by  ignition 
of  borax,  Na^p,.ioH,0,  the  following  results  were  obtained  : 


Per  Cent,  of  Water. 
47.2069 
47.3308 

47.3504 
47.2763 
47.2686 
•PoAsibly  a  misprint  for  .91050? 


Atomic  Weight  of  Boron. 
10.843 

10.593 
10.554 

10.703 

10.719 


<■  ;. 
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This  method  is  obviously  not  to  be  trusted.  Better  results  were 
secured  by  titrating  the  bromide,  BBr,,  with  a  solution  of  silver, 
essentially  after  the  general  method  of  Stas.  From  1.3  to  8.4 
gms.  of  bromid  were  taken  for  each  experiment.  Final  results 
as  follows : 


Preliminary  Series. 

Final  Series 

B  —  10.902 

10.794 

10.998 

10.792 

10.887 

10.838 

10.850 

10.829 

10.870 

10.831 

10.826 

10.81 1 

Mean,  10.817 ;  -(-.0047 

Mean  of  the  last  five,  which  the  authors  considered  the  best, 
10.827  ;  ±.003. 

Calculated  with  Na  =  23.051,  Ag=  107.923. 
Br  ==79,951,  0  =  16,  and  H  =  1.0077. 

—/,  Chem.  Soc,  61,  650.     August,  1892. 

Palladium. — Atomic  weight  redetermined  by  Bailey  and  Lamb. 
After  some  unsatisfactory  experiments  with  palladious  cyanide, 
palladamnlonium  cyanide,  and  palladious  potassium  chloride,  the 
palladammonium  chloride,  Pd(NHjCl),  was  selected  as  the  best 
salt  for  the  purpose  of  the  authors.  First,  the  salt  was  reduced  by 
ignition  in  a  stream  of  hydrogen,  and  the  ammonium  chloride  so 
formed  was  collected  and  estimated  as  silver  chloride. 


Salt  Taken. 

AgCl  Pound. 

At.  Wt.  Pd. 

1.24276 

1.682249 

106.566 

1.08722 

1.468448 

107.036 

1.47666 

2.000164 

106.430 

1.34887 

1-837957 

105.177 

1.74569 

2.362320 

106.368 

Mean,  106.368 
When  Ag  =  107.66,  01^:35.37,  N  =  14.01,  and  H  =  i. 

Second,  reduction  of  PdCNHgCl),  in  hydrogen,  ignition  of  resi- 
due, and  heating  of  the  latter  in  a  Sprengel  vacuum  until  no  more 
gas  could  be  withdrawn. 
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Percentage  of  Pd 
in  Pd(NH,Cl),.  At.  Wt.  Pd. 

Series  A  /  50. 1426  I05.353 

^^"^^150.1698  105.468 


Series  B 


Series  C- 


50.0878  105.123 

50.2376  105.754 

50.1671  105.359 

.50.2184  105.672 

50.2132  105.651 

50.1621  105.435 

50.1224  105.267 

L  50. 1838  105.523 


Mean  of  series  A,  Pd  =  105.410 

"      "      B,       "      105.508 

"       "      *'     C,       "      105.458 

General  mean,  "      105.459 


/.  Chem.  Soc.  61,  745. 


ESCHKA'S  METHOD  OF  DETERMINING  SULFUR.* 

By  p.  HUNDB8BAOBN. 

In  determining  sulfur  by  the  method  of  Eschka  a  mistake  may 
arise  by  the  volatilization  of  a  part  of  the  sulfur,  even  when  more 
than  the  prescribed  proportion  ( J^  times)  of  the  dried  mixture  of 
magnesia  and  sodium  carbonate  is  added,  and  when  the  coal  and 
magnesia*soda  mixture  are  finely  ground  and  intimately  mixed 
and  with  cautious  heating  under  certain  conditions  a  considerable 
loss  of  sulfur  may  be  experienced,  sometimes  as  much  as  6  per 
cent,  of  the  amount  present.  With  an  imperfectly  dried  mixture 
and  careless  heating  the  loss  may  be  still  greater. 

The  evolution  of  the  volatilile  sulfur  compounds  may  be  detec- 
ted by  the  blackening  of  a  wet  piece  of  paper  soaked  in  a  solution 
of  lead  with  which  the  crucible  is  covered.  Many  coals,  rich  in 
sulfur,  give  by  heating  with  the  magnesia-soda  mixture  such  an 
amount  of  hydrogen  sulfid  or  ammonium  sulfid,  that  black  glist- 
ening crusts  of  lead  sulfid  form  in  a  few  seconds  on  the  paper,  and 
these  appear  again  on  changing  the  paper. 

The  volatilization  of  sulfur  ceases  entirely,  or  almost  entirely, 
if  potassium  carbonate  be  used  partly  or  wholly  in  place  of  sodium 
carbonate.  I  found  a  mixture  of  two  parts  magnesia  and  one  part 
calcined  potassium  carbonate  satisfactory  in  all  cases.  (More  than 
one  part  potassium  carbonate  to  two  parts  magnesia  cannot  be 

•Translated  from  the  Chemiker  Zeiting:,  July  27, 189a. 
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used  as  the  mass  balls  on  heating  and  prevents  complete  combus- 
tion of  the  coal.) 

To  one  part  of  coal  at  least  two  parts  of  the  dry  mixture  are 
taken  of  which  three-fourths  are  mixed  with  the  coal  in  a  good- 
sized  crucible  and  the  remaining  fourth  placed  over  the  surface 
evenly  and  the  process  carried  out  in  the  usual  way.  The  com- 
bustion is  more  rapid  than  with  the  soda  mixture,  and  is  usually 
finished  in  one-quarter  to  one- half  hour.  This  mixture  is  also  less 
dusty  than  the  soda  mixture. 

Even  with  very  sulfurous  coals,  no  noticeable  amount  of  sulfur 
is  lost  when  the  potash  mixture  is  used. 

The  following  resfilts  were  obtained  by  burning  three  Bohemian 
brown  coals  rich  in  organic  sulfur.  A  by  Eschka's  method,  B 
with  the  2  :  i  magnesia-potash  mixture ;  they  show  what  sulfur 
may  be  lost  when  working  with  the  first  method.  In  both  series 
two  parts  of  the  mixture  were  used  for  one  of  coal ;  the  ignited 
mass  was  treated,  as  Muck  prescribes,  with  bromin  and  hydrochlo- 
ric acid,  and  the  filtrate  precipitated  with  barium  chlorid.  The 
small  amount  of  sulfur  in  the  reagents  was  subtracted  in  the  cal- 
culations. 

With  Nos.  I  and  2  coals  the  mixture  was  fireshly  dried ;  with 
No.  3  treated  with  about  20  and  15  per  cent,  of  water.  In  the  lat- 
ter cases  the  heating  of  the  coal  was  somewhat  more  rapid. 


A. 

B. 

Magnesia  Soda 
Mixture. 

Magnesia  Potash  Mixture. 

Action  on  Lead 
Paper. 

Sulfur 
Pound. 

Action  on  Lead 
Paper. 

Sulfur 
Found. 

Loss  of 
Sulfur  in  A 

Brown  Coal  No.  i 
"       "    3 

Blackening 

1.97% 

2.43% 
2.77% 

No  coloration 
<< 

i(  - 

2.10% 
2.58% 
3.06^ 

0.13% 

0.15% 
0.29% 

Further  experiments  showed  that  a  mixture  of  two  parts  mag- 
nesia one-half  part  sodium  carbonate  and  one-half  part  potassium 
carbonate,  even  when  slightly  moist,  answers  the  purpose  perfectly. 
These  experiments  show  the  necessity  of  replacing  the  sodium 
carbonate  in  Eschka's  mixture  partly  or  wholly  by  sodium  carbo- 
nate. ^^     ''■ 

The  imperfect  action  of  Eschka's  mixture  is  due  in  the  first 
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place  to  the  property  of  sodium  carbonate  of  becoming  anhydrous 
at  a  low  temperature.  In  this  condition  it  has  very  little  absorb- 
sorbing  power  for  hydrogen  sulfid.  It  is  also  due  to  the  ease  with 
which  sodium  sulfid  is  decomposed  by  carbon  dioxide. 

The  improved  behavior  of  the  potash  substitute  is  explained  by 
the  property  which  the  later  has  to  retain  moisture  at  a  higher 
temperature  and  to  combine  with  hydrogen  sulfid  with  the  forma- 
tion of  potassium  sulfid  and  carbon  dioxide.  This  absorption  is 
facilitated  by  the  conversion  of  a  part  of  the  carbonate  in  intimate 
mixture  with  magnesia  and  water  into  the  much  more  active  hy- 
droxid,  a  property  not  possessed,  or  at  any  rate  only  in  very 
small  degree  by  sodium  carbonate. 

How  diflFerent  is  the  absorptive  power  of  sodium  and  potassium 
carbonates  for  hydrogen  sulfid  is  shown,  for  example,  by  the  ob- 
servation that  sodium  carbonate  mixed  intimately  with  a  small 
quantity  of  sodium  sulfid  and  sodium  bicarbonate,  especially  when 
heated,  gives  oflF  hydrogen  sulfid  in  quantity;  addition  of  a  pro- 
portionately small  amount  of  potassium  carbonate  when  well  mixed 
suffices  to  hold  this  in  combination,  even  when  heated. 


NOTE  ON  THE  PREPARATION  OF  SAMPI.ES  OF  RICH 
ARGENTIFEROUS  LEAD   FOR  ASSAY.* 

Bt  John  Pattinson,  P.I.C,  and  H.  S.  Pattinson,  PH.D.,  P.I.C. 

It  has  been  found  that  the  most  satisfactory  method  of  obtaining 
an  average  sample  of  pigs  of  rich  argentiferous  lead — containing 
from  100  to  about  1,000  oz.  of  silver  per  ton  of  lead — is  to  saw 
each  pig  through  with  a  circular  saw.  The  fine  particles  produced 
by  the  saw,  termed  **sa wings,'*  are  collected,  and  from  them  the 
samples  are  drawn  to  be  sent  to  the  assayer. 

Assays  of  rich  argentiferous  lead  are  best  made  upon  from  200 
grains  to  half  an  ounce  of  lead,  but  such  a  small  quantity  of  the 
sawings  as  this  cannot  be  relied  upon  to  represent  the  whole  bulk 
of  the  sample,  because  of  the  large  size  of  some  of  the  particles. 
This  difficulty,  however,  is  easily  overcome  by  melting  up  either 
the  whole  of  the  sample  or  such  a  quantity  of  it  as  can  be  relied 
upon  to  represent  the  composition  of  the  whole,  and  casting  the 
lead  into  small  cakes  or  **  buttons  **  from  which  portions  weighing 

•Jour.  80c.  Chem.  Ind.  Apr.,  189a. 
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from  200  grains  to  half  an  ounce  can  then  be  cut  for  assaying. 
We  find  that  from  a  sample  of  sawings  of  the  usual  size  a  button 
or  small  bar  fairly  representing  the  sample  can  be  cast  from  about 
2,000  grains.    • 

When  the  sawings  are  melted  the  button  of  lead  obtained  in- 
variably weighs  less  than  the  weight  of  sawings  taken.  This  loss 
of  weight  is  partly  due  to  the  oxidation  of  the  impurities  contained 
in  the  lead,  which  separate  as  dross  or  are  volatilized  during  the  pro- 
cess of  melting.  The  remaining  lead  is  consequently  enriched  in 
silver  by  the  removal  of  these  impurities  and  the  assay  obtained 
from  this  lead  is  higher  than  the  true  assay  of  the  parcel  of  bars 
from  which  the  sawings  were  taken.  A  correction  must  therefore 
be  made  upon  the  assay  for  this  enrichment  in  order  to  arrive  at 
the  true  assay  of  the  sample. 

The  total  loss  of  weight  on  melting  the  sawings  is,  however, 
not  wholly  due  to  oxidation  and  volatilization  of  the  impurities, 
but  is  partially  due  to  the  combustion  of  the  oil  that  is  upon  the  sur- 
face of  the  sawings,  which  has  been  introduced  into  the  sample  by 
the  necessity  of  using  oil  to  lubricate  the  circular  saw.  To  correct 
the  assay  of  the  melted  lead  by  an  amount  corresponding  to  the 
total  loss  of  weight  on  melting  the  sawings,  would  therefore  be  ob- 
viously wrong,  since  a  portion  of  this  loss  is  due  to  oil  in  the  sam- 
ple which  was  no  part  of  the  original  bars  of  lead.  The  percent- 
age of  oil  in  the  sawings  must  therefore  be  ascertained  and  de- 
ducted from  the  total  percentage  loss  on  melting  the  sawings. 

We  determine  the  oil  in  the  sawings  by  washing  1,000  grains  of 
them  with  ether,  filtering  into  a  tared  flask,  evaporating  the  ether, 
and  weighing  the  oily  residue  remaining  in  the  flask. 

With  some  classes  of  lead  the  loss  of  weight,  due  to  oxidation 
and  volatilization  of  the  impurities,  when  the  sawings  are  melted 
alone,  is  very  considerable.  We  find  that  a  very  convenient  way 
of  diminishing  this  loss  is  to  add  a  little  potassium  cyanid  to  the 
sawings  when  they  are  being  melted.  We  use  for  this  purpose 
about  half  an  ounce  of  ordinary  commercial  potassium  cyanid  to 
2,000  grains  of  the  sawings  and  the  melting  is  made  in  a  fire-clay 
crucible. 

As  an  example  of  how  the  loss  is  diminished,  the  following  in- 
stance may  be  cited  : 
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4,000  grains  of  sawings  melted  alone  lost  in  weight  60  grains= 
1,5  per  cent 

2,000  grains  of  the  same  sawings  melted  with  KCN  lost  16  grains 
=0.8  per  cent. 

The  percentage  of  oil  in  these  sawings  was  determined  and  found 
to  be  0.52  per  cent.  Deducting  this  amount  from  each  of  the 
above  total  losses  we  find  that  the  loss  due  to  oxidation  and  vola- 
tilization is — 

When  the  sawings  are  melted  alone,  0.98  per  cent. 

When  the  sawings  are  melted  with  KCN,  0.28  per  cent. 

In  this  instance,  therefore,  the  loss  due  to  oxidation  and  vola- 
tilization was  3j4  times  greater  when  the  sawings  were  melted 
alone  than  when  they  were  melted  with  potassium  cyanid. 

The  following  table  gives  some  examples  of  the  results  obtained 
with  several  samples  of  sawings  when  potassium  cyanid  was  used 
in  melting  them  : — 

Total  Percentage 

Percentage  Percentage       Loss 

Loss  Loss       exclusive  of 

including  Oil  due  to  Oil         Oil 

1.  First  trial 0.78  0.52  0.26 

Second  trial 0.80  0.52  0.28 

2.  First  trial 0.35  o.ii  0.24 

Second  trial 0.35  o.ii  0.24 

• 

3.  First  trial 0.50  0.32  0.18 

Second  trial 0.51  0.32  0.19 

4 0.30  0.15  0.15 

5 0.30  0.13  0.17 

6 0.31  0.12  0.19 

7 0-38  0.15  0.23 

8 0.25  o.io  0.15 

9 0-33  014  0.19 

It  will  be  seen,  from  the  tests  of  the  first  three  samples,  which 
were  made  in  duplicate,  that  very  concordant  results  are  found  by 
this  process,  and  also  that,  in  all  the  samples,  the  loss  of  weight 
due  to  the  oil  is  very  considerable  as  compared  with  the  loss  from 
other  causes.  In  some  instances  the  loss  due  to  oil  is  about  twice 
as  much  as  the  loss  fi'om  oxidation  and  volatilization. 

The  amount  of  loss  from  oxidation  and  volatilization  in  all  these 
samples  is  but  small,  varying  fi'om  0.15  to  0.28  per  cent.,  and  it 
may  seem  at  first  sight  to  be  of  little  importance,  but,  actually, 
the  correction  of  the  assay  corresponding  to  these  small  losses 
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makes  a  difference  on  a  lead  containing,  say,  500  oz.  of  silver  per 
ton,  of  ^  oz.  of  silver  per  ton  in  the  first  case,  and  i  oz.  8  dwt. 
per  ton  in  the  latter  case ;  and  these  amounts  when  deducted  from 
the  assays  of  the  cakes  of  lead  give  the  true  contents  of  silver  in 
the  original  lead.  With  richer  leads  the  correction  is,  of  course, 
proportionally  greater. 

It  is  obvious  that  in  the  above  cases,  if  the  correction  for  loss 
on  melting  the  sawings  were  to  include  also  the  loss  due  to  the 
oil,  an  error  would  be  made  which  would  lead  to  an  excessive  de- 
duction  varying  from  J^  oz.  to  2  oz.  12  dwt.  of  silver  per  ton,  sup- 
posing the  lead  to  contain  500  oz.  of  silver  per  ton  by  assay  of  the 
cake  of  melted  sawings. 

DISCUSSION. 

Mr.  Shaw  suggested  that  liquation  and  separation  of  constituents 
might  take  place  in  the  small  ingot,  but  Mr.  Pattinson  considered 
that  it  was  too  small  and  cooled  too  quickly  for  that  to  occur  to  any 
measurable  extent. 

Mr.  Renoldson  thought  that  if  the  oil  were  first  removed,  its 
amount  need  not  be  determined ;  he  also  suggested  the  use  of 
water  as  a  lubricant  in  place  of  oil. 


THE  INTERNATIONAL  CONFERENCE  ON  CHEMICAL 

NOMENCLATURE.* 

By  Henry  E.  A&iiSTRONO. 

At  the  meeting  of  the  International  Chemical  Congress,  held  in 
Paris  in  the  summer  of  1889,  a  special  Section  was  appointed  to 
consider  the  unification  of  chemical  nomenclature,  and,  after  dis> 
cussing  a  variety  of  propositions,  some  of  which  were  adopted,  it 
was  decided  to  form  an  International  Commission  for  the  frirther 
study  of  the  subject.! 

The  members  resident  in  Paris,  having  been  constituted  a  per- 
manent committee  of  the  Commission,  have  devoted  an  immense 
amount  of  time  and  care  to  the  preparation  of  a  scheme,  and  it 
was  to  discuss  their  reportj  that  we  met  at  Geneva  on  Easter 

*Nature,  May,  1893. 

fThe  following  chemists  eventuallv  consented  to  serve  on  the  Commlaeion :  Messrs. 
B6hal,  Berthelot,  Bouveault,  Combes,  Fanconnier,  Priedel,  Gautier.  Grimaux,  Tcmgfleish, 
Schutjsenberger  (all  representing  France),  Graebe  (Switzerland),  Alexejeffand  Beilstcin 
(Russia),  von  Baeyer  and  Nolting  (Germany),  Lieben  (Austria),  Patemo  (Italy),  Frsncht* 
mont  (Holland),  Armstrong  (England),  Istrati  (Roumania),  Calderon  (Spain).  CHeve  (Swe 
den),  Boukowski  Bey  (Turkey),  Ira  Remsen  (United  States),  and  Mourgues  (Chili). 

tThis  report  had  been  prepared  by  the  following :  Messrs.  Priedel  (President),  B^al. 
Bouveault,  Combes,  Panconnier,  Gautier,  and  Grimaux. 
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Monday  last.  The  French  Committee  had  issued  invitations,  not 
only  to  members  of  the  Commission,  but  also  to  many  other 
prominent  chemists,  so  that  the  meeting  was  a  thoroughly  repre- 
sentative one.  It  is  worth  mentioning,  as  an  illustration  of  the 
sympathetic  treatment  accorded  by  public  bodies  in  France  to 
men  of  science,  that  the  Paris-Lryons-Marseilles  Railway  Company 
granted  a  reduction  of  one-half  of  the  fare  over  their  line  to  mem- 
bers of  the  Congress. 

Very  happily,  the  local  committee  had  arranged  that  all  might 
stay  at  the  one  hotel — the  M^tropole — and  it  was  here  that  we 
first  met  in  friendly  union  on  the  Monday  evening.*  The  next 
morning  the  Congress  assembled  at  the  Hotel  de  Ville,  M.  Richard, 
the  Cantonal  Minister  of  Education,  being  in  the  chair.  After  an 
admirable  address  of  welcome  from  this  gentleman,  who  appeared  to 
thoroughly  appreciate  the  importance  of  the  object  in  view,  on  the 
motion  of  Prof.  Canizzaro  it  was  wisely  decided  not  to  follow  the 
complimentary,  but  somewhat  unbusinesslike  Continental  prac- 
tice so  frequently  adopted,  of  appointing  a  different  chairman  each 
day,  but  to  have  only  one.  M.  Friedel,  who  had  taken  the  chair 
at  all  the  numerous  meetings  of  the  Paris  Committee,  having  been 
chosen  by  acclamation  President  of  the  Conference,  formal  busi- 
ness was  at  once  entered  into,  and,  after  the  necessary  interval  for 
lunch,  the  sitting  was  resumed  in  the  afternoon.  We  met  in  like 
manner  on  the  two  following  days,  and  the  final  sitting  took  place 

*Tlie  following  is  the  official  list  of  those  who  took  part  in  the  Conference  :  Messrs.  H. 
B.  Armstrong.  Professor  at  the  Central  Institution,  I^ndon,  Secretary  of  the  Chemical 
Society;  A.  Arnaud,  Professor  at  the  Museum,  Paris :  Adolphe  von  Baeyer,  Professor  at 
the  University  of  Munich  ;  Barbier,  Professor  at  the  Faculty  of  Sciences  of  Lyons ;  Aug. 
B^hal.  Professor  at  the  Superior  School  of  Pharmacy  of  Paris  ;  Louis  Bouveault,  Doctor  of 
Science,  Paris ;  Stanislas  Canizzaro,  Professor  at  the  University  of  Rome  ;  PaulCazeneuve, 
Professor  of  the  Faculty  of  Medicine  of  Lyons ;  Alphonse  Combes,  Doctor  of  Science.  Paris ; 
Alpbonse  Cosso,  Director  of  the  Experimental  Station  of  Agriculture,  at  Turin  ;  Maurice 
de  Lacre,  Professor  at  the  University  of  Gand  ;  Michel  Fileti,  Professor  at  the  University 
of  Turin ;  Emil  Fischer,  Professor  at  the  University  of  Wdrzbure ;  A.  P.  N.  Pranchi- 
mont.  Professor  at  the  University  of  Leyden ;  Charles  Friedel,  Memoer  of  the  Institute, 
Professor  at  the  Sorbonne.  Paris ;  Dr.  T.  H.  Gladstone,  F.R.S.,  London  ;  Carl  Graebe,  Pro- 
fessor of  the  University  of  Geneva ;  Pnillippe-Auguste  Guye,  Professor  at  the  University 
of  Geneva;  Istrati^  Professor  at  the  Univerutyof  Bucharest;  Albert  Haller,  Professor  of 
the  Faculty  of  Science  of  Nancy;  Maurice  Hanriot,  Fellow-Professor  of  the  Faculty  of 
Medicine.  Paris ;  A.  R.  Hantsch,  Professor  at  the  Polvtechnlc  School  of  Zurich;  Achille  Le 
Bel.  Doctor  of  Science,  Paris ;  A.  Lieben,  Professor  of  the  University  of  Vienna  ;  Leon  Ma- 
Quenne,  Doctor  of  Science,  Assistant  Naturalist  at  the  Museum,  Paris ;  von  Meyer.  Pro- 
fessor at  the  University  of  Leipsic;  Denis  Monnier,  Professor  of  the  University  of  Geneva* 
R.  Nietxki,  Professor  of  the  University  of  Bale ;  Emilio  Noelting,  Director  of  the  School  of 
Chemistry  of  Mulhouse  ;  Emmanuel  Paterno,  Professor  at  the  Universitv  of  Palermo;  Am^ 
Pictet,  Instructor  at  the  University  of  Geneva' William  Ramsay,  F.R.S.,  Professor  of  the 


University  of  London;  Zdenko-H.  Skraup,  Professor  of  the  University  of  Graz  ;  Ferdinand 
Tiemann,  Profesoor  or  the  University  of  Berlin. 

The  Local  Committee  was  composed  of  the  following  :  Messrs.  Emile  Ador,  H.  W.  de 
Blonay,  Alex.  Claparede,  Prof.  C.  Graebe,  Prof.  Ph.  A.  Guye.  Alex.  Le  Royer,  Prof.  Denis 
Monnier,  Am6  Pictet,  Fred.  Reverdin,  Prof.  Albert  Rilliet,  Edouard  Sarasin. 
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on  the  Friday  morning,  but  mkny  had  left  before  this.  On  Tues- 
day evening,  by  invitation  of  the  local  committee,  we  visited  the 
theater,  a  very  beautiful  building.  On  the  Wednesday  evening, 
we  were  entertained  by  them  at  a  dinner  at.the  Hotel  M6tropole, 
on  which  occasion  a  very  striking  speech  was  delivered  by  Prof. 
von  Baeyer,  who,  after  pointing  out  that  experimental  chemistry 
had  been  carried,  early  in  the  century,  into  Germany  from  France 
by  Lriebig,  who  was  tutored  by  Gay-Lussac,  proceeded  to  say  that, 
although  the  science  had  now  undoubtedly  reached  its  highest 
development  in  Germany,  it  was  more  than  probable  that,  in  the 
future,  circumstances  would  arise  which  would  lead  to  some  other 
nation — France,  Russia,  Italy,  or  England — coming  to  the  fore. 
On  this  occasion,  on  the  motion  of  M.  Le  Bel,  it  was  unanimously 
decided  to  appoint  M.  Marignac  Honorary  President  of  the  Con- 
gress, and  a  letter  to  him  expressing  our  regret  that  ill-health  pre- 
vented his  taking  part  in  its  work  was  at  once  signed  by  all  pre- 
sent. We  were  indebted  in  many  other  ways  to  the  local  com- 
mittee, and  there  is  no  doubt  that  the  success  of  the  meeting  was 
in  large  measure  due  to  the  forethought  and  hospitable  care  exer- 
cised by  them  on  our  behalf.  Absolute  amity  prevailed  through- 
out, and  it  was  clear  that  all  were  bent  on  co-operating  to  secure 
the  carrying  out  to  a  successful  issue  of  a  very  diflScult  but  most 
important  work.  The  great  advantage  to  be  derived  from  the  per- 
sonal intercourse  which  such  meetings  promote  was  soon  appar- 
ent ;  gradually,  the  doubts  which  many  entertained  as  to  the  pos- 
sibility of  devising  a  practical,  rational  scheme  of  nomenclature 
were  dispersed,  and  ere  many  hours  had  elapsed  the  sympathies 
of  all  present  were  enlisted  on  behalf  of  the  work ;  thus  a  mission 
has  been  sent  forth  which  will  explain  the  enterprise  to  chemists 
generally. 

The  resolutions  passed  at  the  meetings  are  appended  to  this  ar- 
ticle. These,  I  think,  are  in  no  way  to  be  taken  as  in  all  respects 
final,  but  they  will  serve  to  prepare  the  way  and  to  indicate  the 
lines  on  which  the  work  is  to  be  carried  out.  The  position  in 
which  we  found  ourselves  placed,  in  fact,  was  not  one  which  jus- 
tified our  arriving  at  decisions  which  could  fairly  be  regarded  as 
binding.  The  report  of  the  French  Committee  was  placed  in  our 
hands  only  on  the  morning  of  the  first  meeting,  and  it  was  impos- 
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sible  to  master  its  contents  at  so  short  a  notice,  and  still  less  to 
criticise  and  test  the  application  of  its  recommendations  in  detail. 
That  the  scheme  would  serve  but  as  the  basis  for  discussion  was 
soon  evident,  when  at  the  verj'  outset  a  system  of  nomenclature 
for  the  hydrocarbons  was  adopted  very  different  and  far  more  sig- 
nificant than  that  recommended  in  the  report ;  and  numerous  other 
departures  from  its  recommendations  were  carried  in  the  course  of 
the  proceedings.     Again,  some  of  the  most  active  members  of  the 
Congress  had  confessedly  paid  attention  only  to  special  groups  of 
compounds,  and  had  not  tested  the  application  of  proposals  which 
they  strenously?  advocated  to  compounds  of  other  groups ;  but  as 
a  nomenclature  admirably  adapted  to  one  class  may  be  open  to  all 
sorts  of  objections  when  applied  to  another,  the  general  bearing  of 
recommendations  made  with  reference  to  special  groups  will  have 
to  be  fully  considered  before  they  can  be  finally  adopted.     The  re- 
solutions relating' to  fatty  acids  (Nos.  i8,  19,)  are  of  this  kind, 
and  their  adoption  was  warmly  opposed  by  an  important  minority 
on  the  ground  that,  however  well  they  might  be  adapted  to  adds 
pure  and  simple  derived  from  open-chain  hydrocarbons,  their  ap- 
plication to  acids  derived  from  closed-chain  hydrocarbons  and  acids 
containing  other  radicles  in  addition  to  carboxyl  was  beset  with 
difficulty.     In  order  to  name  an  acid  in  accordance  with  this  re- 
solution, the  formula  of  the  corresponding  hydrocarbon  must  be 
constructed  from  that  of  the  acid  by  changing  carboxyl  into  me- 
thyl ;  for  example,  citric  acid,  CH,(CO,H).C(OH)  (COOH).CH, 
(CXX)H),  would  have  to  be  regarded  as  a  derivative  of  methylpen- 
tane,  and  would  be  named  methylpentanoltrioic  acid,  numerals  be- 
ing added  to  indicate  the  positions  of  the  hydroxyl  and  carboxyl 
groups;  in  like  manner,  mellitic  acid,  C,(COOH),,  would  be  named 
hexamethyl-benzenehexoic  acid,  although  no  methyl  is  present  in  it. 
The  mental  effort  involved  in  visualizing  the  formulae  from  such 
names  as  these  would  appear  to  be  fer  greater  than  if  they  were  re- 
spectively named  propanoltricarboxylic  acid  and  benzenehexacar- 
boxylic  acid,  or  simply  propanoltri-acid  and  benzenehex-acid,  the 
use  of  the  term  cuid  being  understood  to  imply  the  presence  of  car- 
boxyl.    A  decision  on  points  such  as  these  can  only  be  arrived  at 
after  careful  study  of  the  general  effect  of  such  a  proposal,  and 
there  was  no  time  for  such  a  comparison  during  the  brief  debate 
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possible  at  a  Conference.  In  some  cases,  there  can  be  no  doubt 
that  the  full  force  of  objections  raised  to  proposals  in  favor  of  which 
a  majority  subsequently  voted  was  not  felt,  owing  tothedifl5cult>' 
which  necessarily  arises  at  an  international  Conference  if  the  lan- 
guage used  be  not  equally  familiar  to  all  present,  and  consequently 
full  expression  can  not  be  given  by  all  to  their  views.  Moreover, 
although  it  is  easy  to  criticize  destructively  even  at  short  notice, 
constructive  criticism  under  such  circumstances  is  very  difficult ; 
consequently  a  proposal  may  be  accepted  even  in  face  of  serious 
objections  to  its  adoption  simply  because  nothing  better  can  be 
suggested  at  the  time.  An  instructive  case  of  the  kind  arose  on 
discussing  thio-compounds.  The  proposals  in  French  report  were 
not  regarded  as  altogether  satisfactory,  and  an  amendment  was 
suggested  and  carried  which  to  many  appeared  most  undesirable ; 
the  next  morning,  when  the  time  came  to  confirm  the  resolutions 
arrived  at  on  the  previous  ds^y ,  the  discusion  was  reopened,  and  a 
slight  modification  of  the  original  proposal  was  suggested,  which 
was  recognized  to  be  an  improvement,  and  the  objectionable  reso- 
lution was  rescinded.  Clearly  at  such  meetings  much  must  de- 
pend on  the  right  expression  being  found  by  happy  inspiration  at 
the  right  moment. 

The  one  resolution  which  covers  all  others  and  which  defines  the 
nature  of  the  task  to  be  undertaken  is  the  first.  Whatever  name 
we  may  choose  to  apply  to  a  substance  colloquially,  it  is  clearly 
an  absolute  necessity  of  the  times  that  every  compound  should 
bear  a  systematic  name  of  such  a  character  that  it  can  be  at  once 
translated  into  the  corresponding  formula;  and  that,  z/zV^  z»^rjfl,aname 
corresponding  to  any  particular  formula  may  be  devised  which  we 
may  count  on  finding  in  the  official  register,  if  the  compound  thought 
of  have  been  described.  The  value  of  such  a  systematic  nomen- 
clature to  original  workers  as  well  as  to  students  cannot  be  over- 
estimated, and  few  who  are  qualified  to  take  part  in  such  a  work 
will  grudge  the  time  they  may  spend  on  it.  There  was  consid- 
erable difference  of  opinion  at  the  meeting  as  to  whether  asystem- 
matic  nomenclature  should  be  devised  merely  for  the  purpose  of 
an  official  register,  or  whether  the  object  aimed  at  should  be  a 
system  of  wider  application  ;  the  majority,  I  believe,  came  to  the 
conclusion  that  it  should  certainly  subserve  the  one,  but  if  possible 
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both  purposes.  There  can  be  little  doubt,  however,  that  the  fu- 
ture student  will  cut  the  knot  by  declining  to  burden  his  memory 
with  a  double  vocabulary  in  the  case  of  all  but  the  commonest 
substances,  and  that  therefore  there  is  but  one  course  open  to  us 
(cf.  Res.  26). 

Although  suflSciently  conservative  to  retain  methane,  ethane, 
propane,  and  butane,  the  Congress  decided  not  to  adopt  the  pro- 
posal to  continue  the  use  of  the  names  formic,  acetic,  propionic, 
and  butyric  for  the  first  four  acids  of  the  acetic  series,  which  was 
advocated  by  a  substantial  minority  on  the  ground  that  their  re- 
tention would  facilitate  the  change  fi-om  the  old  to  the  proposed  new 
system.  This  is  one  of  the  questions  demanding  careful  consider- 
ation. Many  will,  no  doubt,  prefer  to  retain  old  unsystematic 
names  as  far  as  possible,  but  it  is  easy  to  see  that  the  desire  to 
avoid  change  may  carry  us  too  far  in  this  direction ;  it  will  un- 
doubtedly be  very  inconvenient  to  the  present  generation  of 
chemists  to  abandon  familiar  and  cherished  names,  but  neverthe- 
less it  may  be  a  wise  course  to  boldly  face  the  difficulty,  rather  than 
inflict  on  coming  generations  a  partially  illogical  and  unsystematic 
nomenclature.  The  argument  that  the  present  familiar  names 
may  still  be  used  colloquially  is,  as  I  have  already  said,  scarcely  a 
justification  of  the  dismissal  of  such  names  from  the  official  no- 
menclature, as  our  successors  may  be  expected  to  object  more  and 
more  decidedly  to  a  multiplex  system  as  chemical  science  pro- 
gresses, and  to  insist  on  the  adoption  of  the  official  as  the  sole 
system ;  the  extent  to  which  familiar  trivial  names  shall  be  re- 
tained in  the  official  system  is  therefore  a  matter  of  great  impor- 
tance. 

As  one  aim  and  object  must  be  to  devise  a  system  which  is  sig- 
nificant and  logical  throughout  no  considerations  must  be  allowed 
to  prevail  which  will  defeat  this,  and  it  will  not  suffice  to  quote 
present  usage  in  support  of  illogical  proposals  ;  but  this  has  been 
done.  Thus  the  Congress  decided  (Res.  46)  to  name  compounds 
of  the  type  R'.N,.R'  a2r(?-com  pounds,  while  retaining  the  name  diazo- 
chlorid  for  C,Hj.N,Cl.  It  matters  not  to  us  that  the  manufacturers 
have  chosen  to  call  the  colors  derived  from  fl^w^^'^-compounds  azo- 
dyes ;  if  substances  such  as  (C,H5),S  are  termed  thio^  and  com- 
pounds such   as  (C,H^,S,  fl?/-thio  compounds  (Res.  43),  we  are 
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bound  to  be  consistent,  and  apply  the  significant  term  diazoto 
substances  containing  two  nitrogen  atoms.  Resolution  46  ought 
therefore  to  be  in  part  rescinded.  I  call  attention  to  this  case  as  an 
illustration  of  the  tendency  to  break  away  from  uniformit)'  in 
favor  of  what  may  fairly  be  termed  popular  prejudice,  which  will 
require  to  be  most  carefully  guarded  against  if  the  various  sections 
of  our  system  are  to  harmonize. 

It  will  be  gratifying  to  English  chemists  that  the  principle  ad- 
vocated for  many  years  past  by  our  Chemical  Society,  and  enforced 
in  its  **  Instructions  to  Abstractors'* — ^that  particular  terminations 
should  be  regarded  as  indicative  of  particular  functions,  and  should 
therefore  be  restricted  to  particular  classes  of  compounds — has  been 
legalized  and  extended  by  the  Congress.  This  is  a  step  of  great 
importance,  as  we  may  expect  that  it  will  affect  even  trivial  names, 
and  that  in  fixture  names  will  be  given  to  new  substances  which 
will  to  a  certain  extent  afford  a  clue  to  their  nature  ;  the  hopeless 
confusion  which  now  reigns  supreme  in  the  pages  of  the  Berichte, 
for  example,  owing  to  the  disregard  of  this  principle  by  our  Ger- 
man colleagues — who  have  hitherto  been,  as  a  rule,  almost  uni- 
formly neglectful  in  matters  of  nomenclature — will,  it  may  be 
hoped,  ere  long  give  way  to  more  orderly  treatment. 

But  the  importance  of  applying  this  principle  logically  was  not 
fully  grasped  even  at  the  Congress,  inasmuch  as  it  was  decided  to 
affix  the  termination  ine  to  acetylenic  hydrocarbons,  notwith- 
standing that  this  termination  is  admittedly  indicative  of  basic 
properties.  If,  however,  a  suitable  suffix  ending  in  ene  could  be 
thought  of,  there  would  probably  be  little  difficulty  in  securing 
its  acceptance,  in  which  case  unsaturated  hydrocarbons  generally 
would  have  names  ending  in  ene,  and  saturated  hydrocarbons 
names  ending  in  ane,  and  these  terminations  could  be  reserved  ex- 
clusively for  hydrocarbons. 

It  will  be  obvious  from  the  foregoing  remarks  that  although  a 
solid  foundation  for  our  future  system  of  nomenclature  has  been 
laid,  much  remains  to  be  done  before  a  mature  design,  perfect  in 
all  its  details,  can  be  presented  for  adoption.  At  the  meeting  the 
hope  was  expressed  that  a  decision  might  be  speedily  taken,  to 
enable  Beilstein  to  utilize  the  proposals  in  the  preparation  of  the 
third  edition  of  his  marvellous  work  ;  but  it  is  clear  that  we  are 
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not  yet  so  far  advanced  as  to  make  this  possible  or  even  desirable, 
and  it  would  be  most  unfortunate  if  Beilstein  were  at  the  present 
juncture  to  promulgate  a.system  which  is  manifestly  incomplete  ; 
nothing  can  be  worse  in  such  a  case  than  to  consent  in  haste, 
when  it  is  evident  that  this  would  surely  involve  repentance  at 
leisure. 

Those  of  us  who  are  interested  in  the  work,  and  competent  to 
advance  it,  must  now  test  in  detail  the  application  of  the  proposals 
which  have  been  provisionally  adopted,  and  we  must  assist  in  con- 
tributing to  the  ultimate  establishment  of  a  system  on  the  broad 
lines  of  policy  laid  down  for  our  guidance  at  the  Congress.  As  it 
is  not  improbable  that  in  the  future,  owing  to  the  extended  use  of 
our  language,  the  major  proportion  of  chemical  students  will  speak 
English,  it  is  essential  that  due  attention  be  paid  to  the  matter 
here  in  England,  so  that  a  system  may  be  devised  which  we  can 
make  use  of  without  di£5culty. 

RfiSOLXTTlONS  TAKEN  BY  THE  CONGRESS. 

1.  In  addition  to  the  usual  methods  of  nomenclature,  an  official  name, 
permitting  of  distinguishing  each  body  under  a  distinctive  title,  will  be  es- 
tablished. The  Congress  requests  authors  to  mention  in  their  articles  the 
official  name  in  parenthesis,  m  addition  to  the  name  chosen  by  them. 

2.  It  is  decided  to  consider,  for  the  present  only,  those  bodies  of  a  known 
constitution,  leaving  for  later  consideration  bodies  of  unknown  constitution. 

3.  The  termination  am  is  adopted  for  all  the  saturated  hydrocarbons  of 
the  fatty  series. 

_  • 

4.  The  old  names  of  the  first  four  saturated  hydrocarbons  {methane^  eth- 
ane^ propane^  butane)  are  retained ;  the  names  derived  from  the  Greek  num- 
bers will  be  used  for  those  which  have  more  than  four  atoms  of  carbon. 
These  names  will  distinguish  the  normal  hydrocarbons. 

5.  The  hydrocarbons  with  an  open  chain  are  regarded  as  derivatives  of 
the  normal  hydrocarbons,  and  their  name  will  be  derived  from  the  longest 
normal  chain  that  can  be  established  in  their  formula. 

6.  The  numbering  of  the  lateral  chains  will  be  drawn  from  the  atom  of 
terminal  carbon  nearest  in  a  lateral  chain ;  in  the  case  where  the  lateral 
chains  nearest  to  the  extremities  will  be  placed  symmetrically,  the  simplest 
will  decide  the  choice. 

7.  Whenever  a  residue  is  substituted  in  a  lateral  chain,  metho-y  etho-,  are 
employed  instead  of  methyl-^  ethyl- ^  prefixes  reserved  for  the  case  where  the 
substitution  takes  place  in  the  principal  ghain. 

8.  In  the  hydrocarbons  having  only  one  double  bond,  the  termination 
ane  of  the  corresponding  saturated  hydrocarbon  will  be  replaced  by  the  ter- 
mination ene  (ex.  ethene) ;  in  those  having  two  double  bonds,  tiie  termina- 
tion diene  will  be  used  (ex.  propadiene) ;  those  having  three,  triene,  etc.  If 
it  is  necessary,  the  place  of  the  double  bond  is  indicated  by  the  number  of 
the  first  atom  of  carbon  to  which  this  double  bond  is  attached. 
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o.  The  names  of  the  hydrocarbons  with  a  triple  bond  will  be  terminated 
in  like  manner  with  ine,  kiine^  triine  (ex.  ethine  for  acetylene,  propine  for 
allylene,  hexadiine  for  dipropargyle). 

10.  In  the  case  where  occur  simultaneously  both  double  and  triple  bonds, 
the  terminations  enine,  dienine^  etc.,  will  be  employed. 

11.  The  saturated  hydrocarbons  with  a  closed  chain  will  take  the  names 
of  the  corresponding  saturated  hydrocarbons  of  the  fatty  series  preceded  by 
the  prefix  cycle  (ex.  cyclohexane  for  hexamethylene). 

12.  The  atoms  of  carbon  in  a  lateral  chain  will  be  distinguished  by  the 
same  number  as  the  atom  of  carbon  to  which  the  chain  is  attached.  They 
will  carry  a  number  which  will  indicate  their  distance  from  the  point  of  at- 
tachment in  the  lateral  chain. 

In  the  case  where  two  chains  are  attached  to  the  same  atom  of  carbon, 
the  numbers  of  the  most  simple  among  them  will  be  accented. 

The  same  method  of  numbering  is  adopted  for  the  lateral  chains  of  the 
closed  chains. 

13.  The  non-saturated  hydrocarbons  will  be  numbered  as  the  correspond- 
ing saturated  hydrocarbons.  In  case  of  doubt  or  the  absence  of  a  lateral 
chain,  the  number  i  will  be  placed  before  the  terminal  carbon  the  nearest 
to  the  bond  highest  in  order. 

14.  The  numbering  of  the  hydrocarbons  is  retained  for  all  their  substitu- 
tion products. 

15.  The  alcohols  and  the  phenols  will  be  called  after  the  name  of  the  hy- 
drocarbon from  which  they  are  derived,  terminated  with  the  suffix  ol  (ex. 
pentanol,  pentenol,  etc.). 

16.  Concerning  the  polyatomic  alcohols  and  phenols,  one  of  the  particles 
flf;,  tri,  tetra^  etc. ,  following  the  order  of  the  polyatomicity ,  will  be  inserted 
between  the  name  of  the  fundamental  hydrocarbon  and  the  suffix  ol  (ex. 
propane-triol  for  glycerin). 

17.  The  name  of  mercaptan  is  abandoned,  and  this  function  will  be  dis- 
tinguished by  the  suffix  thiol  (ex.  ethane-thiol). 

18.  In  the  acids  of  the  fatty  series,  the  carboxyl  will  be  considered  as 
forming  an  integral  part  of  the  carbon  skeleton. 

19.  The  name  of  all  the  monobasic  acids  of  the  fatty  series  is  derived  from 
that  of  the  corresponding  hydrocarbon  followed  by  the  suffix  oic. 

The  polybasic  acids  will  be  distinguished  by  the  terminations  ^»(?fV,  iriou^ 
tetroiCy  etc. 

20.  For  the  monovalent  residues  of  the  acids,  the  oic  of  the  acid  will  be 
changed  to  oyle. 

21.  In  the  monobasic  acids  with  the  symmetrical  or  saturated  normal 
chain,  the  catbon  of  the  carboxyl  bears  the  number  i. 

22.  The  acids  in  which  one  or  several  atoms  of  sulfur  replace  as  many 
atoms  of  oxygen  of  the  carboxyl  will  be  distinguished  as  follows :  The  sul- 
fur simply  united  with  an  atom  of  carbon  will  be  designated  by  the  suffix 
thiol ;  if  the  bond  is  double,  the  suffix  thion  will  be  used. 

Examples : 

CHj.CO.SH.     Acid-ethaue-thiolic. 
CHs.CS.OH.     Acid-ethane-thionic. 
CH,,.CS.SH.     Acid-ethane-thionthiolic. 

23.  The  Congress  gives  its  adhesion  to  the  following  proposition,  without 
expressing  a  definitive  vote  on  the  subject : 
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The  oxy -ethers  will  be  designated  by  the  names  of  the  hydrocarbons  which 
compose  them,  united  by  the  term  oxy-  (ex.  pentane-oxy-ethane  for  ethyl 
or  amyl  osid). 

24.  The  anhydrides  of  the  acids  will  retain  their  present  mode  of  designa- 
tion after  the  name  of  their  acids  (ex.  anhydride  ethanoic). 

25.  (12  bis.^  In  the  case  of  two  lateral  chains  attached  to  the  same  atom 
of  carbon,  the  order  in  which  these  are  expressed  will  correspond  to  their 
degree  of  complication. 

26.  A  more  exhaustive  discussion  of  the  bodies  with  complex  functions  is 
•     postponed,  and  the  study  of  this  question  is  referred  to  the  International  Com- 
mission, in  order  that  it  may  prepare  upon  this  point  a  plan  which  will  be 
laid  before  the  next  Congress.     The  Commission  will  endeavor  to  reconcile 

'     the  exigencies  of  the  spoken  nomenclature  with  that  of  a  terminology  ap- 
plicable to  the  dictionaries. 

27.  The  customary  methods  for  the  salts  or  compound  ethers  are  retained. 

28.  The  lactones  will  be  designated  by  the  word  olidey  indicating  that  it 
is  an  internal  anhydride  of  alcohol  and  acid.  The  position  of  the  alcoholic 
function,  as  to  the  carboxyl  of  the  acid  alcohol  whence  proceeds  the  lactone, 
can  be  expressed  by  the  Greek  letters  a,  B^  T,  d^  in  addition  to  the  usual 
numbering  of  the  lateral  chains  : 

O CO 

I  I 

CHj— CH— CH,— CH, 

1.4  pentanolide  or  1.4  T  pentanolide. 

29.  The  lactonic  acids  derived  from  bibasic  acids  will  be  named  after  the 
lactones  from  which  they  are  derived,  adding  the  suffix  oic^  characteristic  of 
the  adds.    • 

30.  The  discussion  of  the  closed  chains  is  postponed  until  the  publication 
of  the  ideas  of  Mr.  Armstrong  upon  this  subject,  will  permit  the  International 
Commission  to  compare  them  with  the  propositions  of  Mr.  Bouveault. 

31.  In  the  aromatic  series  and  all  the  bodies  containing  a  closed  chain, 
all  the  lateral  chains  will  be  considered  as  substituting. 

32.  Aldehydes  will  be  distinfipiished  by  the  suffix  al  (methanal,  ethanal). 
Sulfo  aldehydes :  suffix  thicu. 

33.  Acetones  :  suffix  one  (CH8.CO.CH,.CH8,  butanone  2). 
Diacetones,  triacetones :  suffixes  dione^  trione. 
Sulfoacetones :  suffix  thione. 

34'  Quinones :  The  suffix  quinone  for  the  bodies  homologous  to  ordinary 
quinone. 

The  bodies  having  the  chain  CO. CO  several  times  will  be  diquinones  or 
triquinones. 

35.  Ammoniacal  compounds :  po  change  (ex.  ethylamine,  ethene-diamine). 
The  bodies  where  the  bivalent  group — NH^loses  a  chain  formed  of  posi- 
tive radicals  will  be  called  imines  (ex.  ethene-imine). 

Phosphines,  arsines,  stibines,  sulfines :  the  nomenclature  in  use  is  re- 
tained. 

36.  Hydroxylamine :  this  name  is  retained. 

37  Oximes  :  will  be  desi^ated  by  following  the  rules  at  present  admit- 
ted :  the  isonitroso  bodies  will  be  called  oximes. 

(Ex.  CH(NOH).CHj.CHjCHs     i  Butanoxione. 
CH5.CH,C(NOH).CH8    2  Butenoxime.) 
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38.  Amides  :  this  name  is  retained  (ex.  ethanamide. 

NHa.CO.CH2.CH,.CO.NH2    Butanes  diamide. 
COOH.CO.CH,.CHj.CO.NH,    Butanamidoic  acid). 

Imides :  will  be  retained. 

Amidoicimes  :  this  name  will  be  retained. 

(Ex.  CHs.C{NOH).NHj    Ethanamidoxime.) 

Urea :  the  generic  word  urea  will  be  retained,  and  will  be  employed  as  a 
suffix  for  the  alcoholic  derivatives  of  urea,  while  the  derivatives  from  an  acid 
substitution  will  be  called  ureides. 

The  bodies  containing  two  molecules  of  urea  will  be  distinguished  by  the 
suffixes  diurea,  diureide.  The  acid  ureides  will  take  the  name  ureic  adds. 
The  terminations  uramic  and  uric  are  abandoned. 

39.  Amidines  :  this  suffix  will  be  retained. 

(Ex.  CH,.C.NH.NHa    Ethanamidine. ) 

For  the  derivatives  the  name  will  be  doubled,  and  the  name  of  the  sub- 
stituting group  will  be  preceded  by,  either  amino,  or  amidine,  as  the  case 
may  be. 

(Ex.  CH5.C(NCjH5).NH2    Ethanamino  ethylimidine. 
CH3.C(NH).NHC2H5    Ethanethylamino-imidine.) 

Guanidines  :  the  generic  word  guaniaim  is  retained,  but  different  guani- 
dines  will  be  named  as  substitution  derivatives  of  diamido-carbo-imidine. 

40.  Betaines  :  suffix  taine. 

(Ex.  N(CHs)s— O    Ethanoyltrimethyltaine). 

CH., CO 

41.  Nitriles  :  the  question  is  left  in  suspension  for  the  fatty  series.  The 
prefix  cyano  (as  a  name  of  the  substituting  body)  is  adopted  for  the  aromatic 
series. 

42.  Carbylamines  :  the  nomenclature  in  use  is  retained. 

43.  Sulfones :  this  name  is  retained. 

(Ex.  CeH5.SO2.CeH5    Benzene-sulfone-benzene). 

Sulfides :  will  be  designated  by  putting  thio  between  the  two  saturated 
components  (provisionary  decision). 

(Ex.  CeHs.S.CgHj    Benzene- thio-benzene). 

Disulfides  :  will  be  designated  in  the  same  manner  by  dithio, 

44.  Isocyanic  ethers :  suffix  cardonitnid.  Ex.  The  ethyl  cj'anate  of 
Wurtz  will  be  called  ethylcarbonimid.  The  corresponding  sulfoMlerivative 
will  be  called  in  the  same  manner  ethylthiocarbonimid. 

Cyanates  :  this  name  is  retained  for  the  true  ethers  which,  by  saponifica- 
tion, give  cyanic  acid  or  its  direct  product  of  hydration.  The  name  sulfo- 
cyanate  will  be  replaced  by  thiocyanate. 

45.  Nitro  bodies  :  the  nomenclature  in  use  is  not  changed. 

46.  Azo  bodies :  the  terms  azo  and  diazo  are  retained,  but  the  mode  of 
enunciating  these  compositions  will  be  modified  as  follows  : 

(Ex.  CgHg.Nj.Cl     Diazobenzene  chlorid. 
CfiHg.  Kj.  CgHg     Benzene-azo-benzene. 
CgHj.  N^.  CeH4.  N^.  CgHj    Benzene-azo-benzene-azo-benzene). 


A  METHOD  FOR  THE  lODOMETRIC  DETERMINA- 
TION OF  NITRATES.* 

By  F.  a.  Goocb  and  H.  W.  Gruknbr. 

It  has  been  shown  by  DeKoninck  and  Nihoulf  that  nitrates 
may  be  decomposed  completely  by  the  prolonged  action  of  gaseous 
hydrochloric  acid,  and  determined  with  accuracy  by  measuring 
the  iodin  set  free  when  the  products  of  decomposition,  carefully 
kept  from  atmospheric  contamination,  act  upon  potassium  iodid. 
These  investigators  recognized  the  difl&culties  attending  the  use  of 
gaseous  hydrochloric  acid  in  analytical  processes,  and  endeavored 
unsuccessfully  to  substitute  the  strong  aqueous  solution  for  the 
gaseous  acid.  The  work  to  be  described  in  the  following  account 
was  performed  in  the  search  for  a  simpler  method  for  the  iodometric 
determination  of  nitrates. 

According  to  a  process  recently  devoloped  in  this  laboratory! 
chloric  acid  may  be  determined  with  the  greatest  ease.  It  was 
shown  that  in  the  interaction  of  a  chlorate  with  potassium  iodid, 
arsenic  acid,  and  sulfuric  acid,  in  regulated  quantities  in  aqueous 
solution  and  at  the  boiling  temperature,  the  first  action  of  the 
hydriodic  acid  set  free  from  the  iodid  by  the  sulfuric  acid  is  upon 
the  chloric  acid,  and  that  not  until  this  action  is  completed  is  the 
arsenic  acid  attacked  and  reduced  with  the  simultaneous  libera- 
tion of  a  corresponding  amount  of  iodin.  If  the  arsenic  acid  is 
taken  in  quantity  sufficient  to  insure  the  final  decomposition 
of  the  entire  amount  of  iodid  present,  the  arsenious  acid  found 
at  the  end  of  the  action  is  an  exact  measure  of  the  amount 
of  iodid  which  escaped  the  action  of  the  chlorate  ;  and,  the 
quantity  of  iodid  originally  taken  being  known,  the  amount 
acted  upon  by  the  chlorate,  and  so  the  amount  of  the  chlorate 
itself,  becomes  known.  The  arsenious  acid  is  determinable  with 
great  accuracy  iodometrically,  and  the  chief  advantage  of  the 
process  lies  in  the  fact  that  the  titration  is  made  upon  the 
residue,  and  that,  no  collection  of  the  distillate  being  necessary, 
the  sole  apparatus  employed  in  the  process  proper  is  an  Erlen- 
meyer  beaker  and  a  bulbed  tube  hung  in  its  neck  as  a  trap  to 
prevent  mechanical  loss. 

*Am.  J.  Sci.,  August,  1893. 

tZeitachr.  fUr  angewandte  Chemie,  1890,  p.  477. 

IGooch  and  Smith,  Am.  J.  Sci.  vol.  xlii,  p.  320. 
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This  process  we  endeavored  to  apply  to  the  determination  of 
nitrates,  but  under  none  of  the  many  variations  of  form  and 
changes  of  conditions  under  which  we  tested  it»  were  we  able  to 
secure  complete  decomposition  of  the  nitrate  without  so  increasing 
the  strength  of  the  sulfuric  acid  that  it  was  acted  upon  by  hy- 
driodic  acid  with  the  consequent  unregistered  escape  of  products 
of  decomposition. 

The  endeavor  to  substitute  a  process  essentially  similar  in  prin- 
ciple, in  which  hydrochloric  and  antimonic  acids  should  replace 
the  sulfuric  and  arsenic  acids,  proved  likewise  unsuccessful. 

Abandoning  therefore  all  attempts  to  so  arrange  the  process  that 
the  oxidizing  action  of  the  nitrate  should  be  registered  in  the  res- 
idue, search  was  made  for  a  reagent  which  should  be  capable  of 
inducing  easy  decomposition  of  nitrates  (after  the  manner  of  ferrous 
salts  in  acid  solution)  and  yet  (unlike  ferrous  salts)  should  be  so 
readily  restored  to  its  primitive  condition  that  the  products  of  the 
oxidizing  action  of  the  nitrate  should  finally  pass  entirely  to  the 
distillate  and  be  registered  there.  We  have  found  the  desired  com- 
bination of  qualities  in  manganous  chlorid  dissolved  to  saturation 
in  concentrated  hydrochloric  acid.  This  reagent  is  acted  upon  but 
slowly  by  nitrates  at  the  ordinary  temperature,  but,  upon  warming, 
the  nitrate  begins  at  once  to  decompose  with  the  formation  of  a 
higher  chlorid  of  manganese  and  liberation  of  nitric  oxid.  Ulti- 
mately if  the  heating  is  continued  the  chlorid  of  the  higher  chlor- 
ids  is  evolved  and  manganous  chlorid  remains.  During  the 
process  of  heating  the  color  of  the  solution  passes  from  the  origi- 
nal characteristic  green  through  darker  shades  to  black  and  returns 
by  the  reverse  changes  to  the  original  tint.  The  decomposition  of 
the  nitrate  extends  under  the  conditions  to  the  last  traces,  but  the 
breaking  up  of  the  nitrates  with  the  formation  of  the  higher  chlorid, 
does  not  take  place  completely  in  the  presence  of  wdter  amount- 
ing to  more  than  a  third  of  the  volume  of  the  solution,  and  an  ac- 
tion already  established  in  strong  acid  is  reversed  by  the  addition 
of  a  large  amount  of  water.  Chlorates,  peroxids,  and  other  sub- 
stances which  liberate  oxygen  or  chlorin  when  in  contact  with 
strong  hydrochloric  acid  induce  similar  phenomena,  but  in  the  ab- 
sence of  such  other  substances  the  reaction  serves  to  detect  nitrates 
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when  present  in  feirly  small  amounts  (perhaps  one  part  in  sixty 
thousand)  as  shown  in  the  accompanying  table : 


KNOt 
taken. 

MnCls,4H90 
in  strong  HCl. 

Color 
developed. 

aoiooo  gm. 

0.00500 

o.ooioo 

10  CC. 

5 
5 

Black. 
Black. 
Dark  brown. 

0.00050 
0.00025 
0.00015 
0.00005 
0.00000 

5 
5 
5 
5 
5 

Dark  green. 
Deepened  tint 
Deepened  tint 
None. 
None. 

In  the  first  attempts  to  apply  this  reaction  to  the  quantitative 
estimation  of  nitrates,  10  cc.  of  the  manganous  mixture,  the  pure 
weighed  nitrate,  and  an  excess  of  potassium  iodid  were  put  in 
a  tubulated  retort  fitted  with  a  hollow  ground  stopper  drawn  out 
at  both  ends  so  as  to  serve  for  the  introduction  of  carbon  dioxid 
evolved  in  a  Kipp.'s  generator  charged  with  marble  and  acid  pre- 
viously boiled.  The  neck  of  the  retort  passed  through  a  rubber 
stopper  nearly  to  "the  bottom  of  a  side-neck  Erlenmeyer  flask, 
used  as  a  receiver,  in  the  mouth  of  which  the  stopper  fitted  tightly. 
The  side  neck  of  the  receiver  was  joined  by  a  rubber  connector 
with  a  bent  glass  tube  passing  through  a  rubber  stopper  and  reach- 
ing nearly  to  the  bottom  of  a  side-neck  test  tube  into  the  mouth 
of  which  the  stopper  was  fitted. 

The  first  receiver  contained  hydrogen  sodium  carbonate  in  ex- 
cess of  the  amount  needed  to  neutralize  the  acid  in  the  retort  as  it 
should  distill  over,  a  considerable  quantity  of  potassium  iodid 
(about  3  gm.)  to  aid  in  dissolving  condensed  iodin,  and  arsenious 
oxid  in  known  amount  and  in  excess  of  the  quantity  necessary 
to  convert  to  hydriodic  acid  the  free  iodin  evolved.  The  second 
smaller  receiver  was  partly  filled  with  a  dilute  solution  of  potas- 
sium iodid  and  hydrogen  sodium  carbonate.  The  current  of  car- 
bon dioxid  was  started  immediately  upon  introducing  the  con- 
tents of  the  retort,  and  the  air  was  safely  removed  before  the  dark- 
ening of  color,  which  begins  to  appear  very  soon,  had  spread 
through  the  liquid.  Heat  was  applied,  and  the  evolution  of  nitric 
oxid  and  later  that  of  iodin  began.  The  distillation  was  con- 
tinued until  nearly  all  the  liquid  had  passed  over.     Finally,  the 


404  DETERMINATION   OF  NITRATES. 

contents  of  both  receivers  were  united  and  titrated  against  deci- 
normal  iodin.  The  excess  of  arsenious  oxid  remaining  unoxi- 
dized  was  taken  as  the  measure  of  the  iodin  liberated  and,  accord- 
ingly, of  the  nitrate  decomposed,  upon  the  presumption  that  two 
molecules  of  the  nitrate  liberate  ultimately  six  atoms  of  iodin 
according  to  the  equation.. 

2HNO,-H6HI=4H,0+2NO+3lI. 

The  choice  of  the  solution  for  the  retention  of  the  halogen  evolved 
was  dictated  by  the  consideration,  in  the  first  place,  that  very  little 
iodin  could  pass  through  the  alkaline  arsenite  to  come  into  contact 
with  the  rubber  stopper  of  the  receiver  on  the  way  to  the  second 
absorbing  liquid,  and,  secondly,  that  higher  oxids  of  nitrogen  re- 
formed by  the  action  of  traces  of  air  possibly  introduced  with  the 
carbon  dioxid  or  imperfectly  removed  by  it  could  not  liberate  io- 
din from  an  iodid  in  alkaline  solution. 

The  iodid  was  introduced  into  the  retort  because  having  chosen 
to  collect  the  halogen  in  alkaline  solution  it  became  necessary  to 
take  steps  to  break  up,  before  it  should  reach  the  receiver,  all 
nitrosyl  chlorid,  the  formation  of  which  our  experience  in  former 
lines  of  work  not  here  detailed  had  led  us  to  expect  under  the  cir- 
cumstances. In  acid  solution  containing  an  iodid,  nitrosyl  chlorid 
liberates  iodin  and  is  registered;  in  alkaline  solution  it  breaks 
up  with  the  formation  of  a  chlorid  and  a  nitrite,  the  latter  having 
no  immediate  action  upon  the  arsenite.  The  results  of  experi- 
ments made  in  this  manner  are  recorded  in  the  accompanying  table 

TabU  /. 


KNO, 
taken. 

KI  in 
retort. 

MnCls 
mixture. 

KNOs 
found. 

Error. 

0.1036  gm. 
0.1083     •• 

0.8  gm. 
0.8     " 

10  CC. 
10     " 

0. 1009  gm. 
0.1082    " 

0.0027  gm-— 
O.OOOI     *'  — 

0.1064     " 

0-8     '• 

10     " 

0.1053    *' 

0,001  r    •'  — 

0.1068     *• 

0.8    ** 

10     " 

0.1033     " 

0.0035    "  — 

0.0551     *' 

0.8     " 

10     " 

0.0531     " 

0.0020    "  — 

The  experiments  of  Table  II  were  carried  out  in  a  manner  es- 
sentially similar  to  that  of  the  experiments  of  Table  I,  excepting 
the  shigle  point  that  the  iodin  evolved  in  the  process  of  decompo- 
sition of  the  nitrate  was  received  in  potasssium  iodid  instead  of  in 
an  alkaline  arsenite.  The  contents  of  the  receivers  were  united, 
made  alkaline  with  hydrogen  sodium  carbonate,  treated  with  an 


• .  ^. 
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excess  of  decinormal  arsenious  acid,  and  the  unoxidized  arsenious 
acid  was  determined  by  decinormal  iodin. 

Table  II. 

KNOs  Klin  MnCl,  KNO. 

taken.  retort.  mixture.  found.  Error. 

0.2039  gm.        1.6  gm.        20  cc.  0.2025  gm.        0.0014  gm. — 


0.1060  '•  0.8 

0.1036  '*  0.8 

0.1013  •*  0.8 

0.0521  "  0.5 

0.0235  '*  0.5 

0.0273  "  0.5 

0.0136  "  0.2 

o.ooii  •*  0.2 


10  "  0.1035  "  0.0025  " 

10  "  0.1016  "  0.0020  ** 

10  **  0.1002  "  O.OOII  " 

10  **  0.0521  "  0.0000  ** 

5  "  0.0227  **  0.0008  " 

5  "  0.0262  '*  O.OOII  '* 

5  '•  0.0132  '*  0.0004  " 

5  "  0.0009  "  0.0002  " 


The  errors  of  both  sets  of  experiments,  those  of  Table  I  and 
those  of  Table  II,  are  considerable,  all  lie  in  the  same  direction, 
and  are  indicative  of  too  low  registering  of  the  action  of  the  nitrate, 
since  of  the  complete  decomposition  of  the  nitrate  there  can  be  no 
reasonable  doubt  in  view  of  the  proved  behavior  of  the  manganese 
salt  toward  small  amounts  of  nitrates.  To  us  it  seemed  probable 
that  the  explanation  of  these  results  was  to  be  sought  in  the  fail- 
lure  of  the  titration  in  alkaline  solution  to  indicate  completely  all 
the  final  products  of  the  action  of  the  nitrate.  The  formation,  even 
in  small  amounts,  of  compounds  of  nitric  oxid  with  iodin  analo- 
gous to  those  which  we  know  to  be  formed  with  bromin  and  chlo- 
rin,  or  the  partial  reoxidation  of  the  nitric  oxids  by  the  action  of 
iodin  with  the  aid  of  water,  an  action  which  we  recognize  as  pos- 
sible under  certain  conditions  of  dilution,  would  account  satisfac- 
torily for  the  deficiency  in  the  results  of  titration  effected  in  alka- 
line solution.  Upon  this  presumption  the  simple  and  obvious 
modification  of  titrating  in  acid  solution  should  correct  the  error. 

Accordingly  in  the  following  series  of  experiments  the  plan  of 
collecting  the  halogen  and  titrating  in  alkaline  solution  was  aban- 
doned, and  since  the  addition  of  an  iodid  to  the  retort  was  no 
longer  essential  this  practice  was  discontinued.  The  products  of 
the  action  of  the  nitrate  upon  the  manganese  mixture — chlorin, 
nitric  oxid  and  perhaps  nitrosyl  chlorid, — were  received  directly 
in  potassium  iodid,  and  the  iodin  set  free  was  titrated  by  sodium 
thiosulphate,  itself  standardized  against  iodin  of  known  value  with 
respect  to  a  standard  solution  of  decinormal  arsenious  oxid. 
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With  the  abandonment  of  the  plan  of  putting  the  alkaline  ane- 
nite  into  the  receiver  the  tendency  of  the  iodin  to  pass  onward  to 
the  second  receiver  is  augmented  and  the  possible  action  of  the 
rubber  stopper  of  the  receiver  becomes  correspondingly  dangerous. 
We  modified  the  apparatus,  therefore,  so  that  only  glass  should 
occur  where  by  any  possibility  rubber  connections  might  act  upon 
the  free  halogen.  In  place  of  the  ordinary  retort  weadoptedaform 
of  apparatus  made  use  of  formerly  by  one  of  us  in  the  quantitati\'e 
distillation  of  boric  acid  under  the  action  of  methyl  alcohol — a  pi- 
pette bent  and  fitted  as  shown  in  the  figure.  To  this  apparatus 
was  sealed  a  Varrentrapp  and  Will  nitrogen  bulb,  the  exit  tube  of 
which  was  drawn  out  so  that  it  might  be  pushed  well  within  the 
inlet  tube  of  the  second  receiver — a  Will  and  VaTrentrapp  absorp- 
tion flask — and  held  in  place  by  an  outside  rubber  connector.  The 
third  receiver  acts  simply  as  a  trap  to  exclude  air  from  the  absorp- 
tion apparatus  proper.  In  conducting  the  experiment  the  receivers 
were  charged  with  solutions  of  potassium  iodid,  the  first  contain- 
ing three  grams,  the  second  one  gram,  and  the  third  only  a  frac- 
tion of  a  gram  for  every  tenth  of  a  gram  of  nitrate  used.  The  first 
receiver  was  kept  cool  during  the  process  by  immersion  in  water. 
The  introduction  of  the  nitrate  and  manganous  mixture  following 
it  was  made  easy  and  safe  by  applying  gentle  suction  to  the  end 
of  the  absorption  train.  The  current  of  carbon  dioxid  was  started 
immediately  after  putting  in  the  manganous  mixture,  and  after  a 
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suitable  time  had  elapsed  for  the  removal  of  air  heat  was  applied 
to  the  retort  and  the  distillation  was  continued  until  nearly  all  the 
liquid  had  passed  over.  Finally  the  contents  of  the  receivers  were 
united,  the  washing  of  the  bulbs  was  efifected  easily  and  expedi- 
tiously by  passing  the  wash-water  directly  through  retort  and  re- 
ceiver (the  introduction  of  the  manganese  chlorid  into  the  dis- 

« 

tillate  being  not  at  all  prejudical  to  the  accuracy  of  the  titration), 
and  the  estimation  of  free  iodin  made  by  sodium  thiosulphate  as 
described.  The  results  of  the  experiments  conducted  in  this  man- 
ner are  given  in  Table  III. 

These  results  are  fairly  satisfactory.  The  mean  error  of  the 
entire  series  is  practically  nothing.  The  manipulation  is  easy  and 
rapid. 

In  brief,  the  process  which  gives  us  these  results  consists  in  the 
distillation  of  the  mixture  of  the  nitrate  with  a  saturated  solution 
of  crystallized  manganous  chlorid  in  strong  hydrochloric  acid  in 
an  atmosphere  of  carbon  dioxid,  the  passage  of  the  products  of 
action  into  potassium  iodid,  and  the  titration  of  the  liberated  iodin 
by  sodium  thiosulphate.  It  is  important  to  take  precautions  to 
prevent  the  contact  of  the  free  halogen  with  rubber  stoppers  or 
connectors,  and  any  apparatus,  suitable  for  ordinary  quantitative 
distillation  and  absorption,  which  meets  this  condition  will  proba- 
bly answer  the  requirements  of  the  process.  Our  own  preference 
is  for  the  apparatus  described  and  figured. 

Table  III, 
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The  titration  should  be  completed  as  soon  as  may  be  after  ad- 
mitting air  to  the  distillate  in  order  that  traces  of  dissolved  nitric 
oxid  may  not  be  reoxidized  and  again  react  upon  the  iodid  pre- 
sent to  liberate  more  iodin. 


CAN  ARSENIC  BE  QUANTITATIVELY  VOLATILIZED 

AS  ARSENIC  HYBRID?* 

By  F.  W.  Schmidt. 

The  question  whether  arsenic  can  be  quantitatively  volatilized 
as  arseniuretted  hydrogen  has  often  been  discussed.  It  was  nat- 
ural to  utilize  the  beautiful  reaction  for  quantitative  determinations 
in  which  arseniuretted  hydrogen  in  contact  with  a  dilute  solution 
of  silver  is  transformed  into  arsenious  add  and  metallic  silver. 
But  in  by  far  the  most  cases  the  researches  undertaken  for  this 
piuT)ose  have  led  to  no  result,  since  it  was  not  found  practicable 
to  convert  entirely  either  arsenic  or  antimony  into  volatile  hydro- 
gen compounds,  though  we  find  in  literature  indications  that  this 
has  been  effected  in  certain  cases,  especially  when  the  quantities  of 
arsenic  were  only  small.  Still  no  decisive  conclusion  was  reached, 
and  Fresenius  pronounces  a  severe  condemnation  {Lehrhuch  dtr 
Quaniitativen  Analyse^  1,  641),  on  all  gravimetric  processess 
founded  upon  the  volatility  of  arseniuretted  and  antimoniuretted 
hydrogen. 

If  I  felt  induced  to  resume  experiments  in  this  direction  it  was 
because  an  observation  had  shown  that  the  entire  arsenic  present 
in  commercial  zinc-powder  could  be  volatilized  as  arseniuretted 
hydrogen  on  treatment  with  hydrochloric  acid.  The  following 
method  was  therefore  adopted. 

In  the  first  place  the  accuracy  of  the  above  mentioned  observa- 
tion had  to  be  quantitatively  confirmed.  10  gms.  of  commercial 
zinc-powder  were  carefully  dissolved  in  concentrated  nitric  acid 
(concentrated  acid  was  used  to  prevent  the  volatilization  of  traces 
of  arsenic),  the  nitric  acid  present  was  expelled  by  evaporating 
down  the  solution  obtained  on  the  water-bath  along  with  concen- 
trated hydrochloric  acid,  and  after  reducing  the  arsenic  acid  by 
means  of  ferrous  chlorid  the  arsenic  was  distilled  over  as  AsCl, 
according  to  E.  Fisher's  process.  The  arsenic  was  then  de- 
termined in  the  distillate  as  trisulphid  in  the  ordinary  man- 
ner, whence  it  appeared  that  the  commercial  zinc-powder  con- 
tained 0.04  per  cent,  of  metallic  arsenic.     As  a  check,  a  second 

*Chem.  News  from  Zeit.  Anorganische  Chemie. 
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portion  of  10  gms.  of  the  zinc-powder  was  submitted  to  the  same 
operation,  the  AsCl,  driven  over  on  the  addition  of  an  excess  of 
ferrous  chlorid,  the  distillate  supersaturated  with  sodium  bicar- 
bonate, and  the  arsenic  titrated  by  means  of  decinormal  solution 
of  iodin  ;  the  1.16  cc.  of  the  solution  consumed  represent  in  the 
same  manner  0.04  per  cent,  of  metallic  arsenic. 

As  the  proportion  of  arsenic  in  the  zinc  powder  was  thus  estab- 
lished, I  could  proceed  to  the  determination  of  the  arsenic  in  .the 
form  of  arseniuretted  hydrogen.     The  apparatus  used  for  this  pur- 
pose consisted  of  a  round  flask  of  the  capacity  of  200  cc.,  fitted 
with  a  dropping  funnel  and  a  gas-delivery  tube  leading  to  three 
absorption  vessels  each  holding  100  cc.     The  flask  is  placed  upon 
a  water-bath  so  that  the  reaction  may  be  assisted  by  heat.     The 
distance  of  the  first  absorption  vessel  from  the  round  flask  is  at 
least  20  cc,  so  that  the  liquid  in  the  former  may  not  become  heated. 
The  first  absorption  vessel  is  half  filled  with  a  solution  of  silver  of 
the  concentration  1  :  50 ;  the  second  contains  silver  solution  of  the 
concentration  i  :  10,    and  the  third  contains  bromo-hydrochloric 
acid.     Ten  grams  of  the  commercial  zinc-powder  were  weighed  in- 
to the  round  flask ;  the  substance  was  moistened  through  with 
water,  the  apparatus  is  connected  together,  and  hydrochloric  acid 
(i  vol.  concentrated  acid  diluted  with  i  vol.  water),  is  gradually 
introduced  by  the  dropping  funnel.     The  gas  liberated  at  once  de- 
posited black  metallic  silver  in  the  first  absorption  vessel.     As 
soon  as  the  escape  of  gas  became  sluggish  the  flame  was  lighted 
beneath  the  water-bath  and  when  the  zinc-powder  was  fully  dis- 
solved a  slow  current  of  hydrogen  previously  washed  in  silver  so- 
lution (i  :  10),  and  consequently  free  from  arsenic,  was  passed 
through  the  apparatus  for  about  half  an  hour  so  as  to  sweep  the 
last  traces  of  arseniuretted  hydrogen  out  of  the  round  flask.     The 
contents  of  the  third  absorption  vessel,  and  the  liquid  in  the  round 
flask,  were  found  on  careful  examination  utterly  free  from  arsenic ; 
all  the  arsenic,  therefore,  as  in  the  first  observation,  had  been  vol- 
atilized as  a  hydrogen  compound,  and  at  the  same  time  the  trans- 
formation of  the  arseniuretted  hydrogen  with  the  silver  solution 
was  completed  in  the  second  absorption  vessel,  so  that  the  third 
contained  not  a  trace  of  arsenic.     From  the  contents  of  the  first 
and  second  absorption  vessel,  the  excess  of  silver  was  separated  by 
means  of  sodium  chlorid,  and  the  arsenic  in  the  filtrate  from  the 
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silver  chlorid,  after  an  addition  of  sodium  bicarbonate,  was  titra- 
ted with  decinormal  solution  of  iodin.  There  were  again  used, 
until  a  blue  color  appeared,  1.16  oc.  of  the  standard  solution  cor- 
responding to  0.04  per  cent,  of  metallic  arsenic  in  the  commercial 
zinc-powder. 

This  result  rendered  it  very  probable  that  the  complete  volatil- 
ization of  the  arsenic  from  zinc- powder  in  the  state  of  arseniuretted 
hydrogen  depends  on  the  presence  of  the  arsenic  in  the  zinc-pow- 
der as  a  zinc  arsenid,  or  else  in  an  exceedingly  finely  divided 
metallic  state  which  energetically  assists  the  quantitative  conver- 
sion of  the  arsenic  into  its  hydrogen  compound.  A  quantitative 
volatilization  must  therefore  be  attainable  also  in  other  cases  if  the 
arsenic  is  converted  into  a  state  analogous  to  combination  or  to 
fine  metallic  sub-division. 

To  decide  the  correctness  of  this  assumption  there  were  intro- 
duced into  the  round  flask  of  the  apparatus  described  above,  in  ad- 
dition to  30  gms.  of  pulverized  zinc  (zinc  can  be  readily  pulverized 
at  205®),  20  cc.  of  a  I  per  cent,  solution  of  arsenic  containing  0.1 19 
gm.  of  arsentrioxid.  (One  gm.  of  commercial  arsenious  acid  was 
dissolved  in  100  cc.  of  water ;  20  cc.  of  this  solution  consumed 
40.2  cc.  decinormal  iodin,  corresponding  to  0.199  gm.  pure  arsen- 
trioxid). The  first  absorption  vessel  was  again  charged  with  so- 
lution of  silver  i  :  50,  the  second  and  third  with  solution  silver  at 
1:10.  After  the  apparatus  was  put  together,  hydrochloric  add 
(i  :  i)  was  again  allowed  to  enter  by  means  of  the  dropping  fun- 
nel as  before,  heat  was  applied  until  the  zinc  was  entirely  dissolved, 
and  finally  hydrogen  free  from  arsenic  was  passed  through  the  ap- 
paratus. The  titration  of  the  contents  of  the  absorption  vessels 
(after  precipitating  the  excess  of  silver  by  means  of  sodium  chlo- 
rid, etc.)  used  only  38.4  cc.  decinormal  solution  of  iodin,  which 
corresponds  to  0.190  gm.  arsenious  acid  ;  hence  nearly  5  percent, 
of  the  original  quantity  of  arsenic  had  remained  in  the  round 
flask, — a  result  which  confirms  those  formerly  obtained  by  other 
authors. 

Now  came  the  decisive  experiment,  which  was  eflected  in  the 
same  manner  with  20  cc.  of  the  i  per  cent,  solution  of  arsenic  and 
30  gms.  of  powdered  zinc.  When  after  heating  for  one  hour  the 
development  of  arsenic  became  sluggish,  there  was  added  to  the 
contents  of  the  round  flask  through  the  dropping-funnel  an  agent 
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calculated  to  produce  a  state  of  the  arsenic  analogous  to  *'  combi- 
nation or  fine  metallic  distribution,**  i.  c,  a  hydrochloric  solution 
of  stannous  chlorid  (obtained  by  dissolving  non-arseniferous  tin 
foil  in  concentrated  hydrochloric  acid). 

At  the  moment  when  this  solution  was  dropped  into  the  round 
flask  there  appeared  at  once  a  turbidity  and  then  a  dark  precipita- 
tion. Both  the  turbidity  and  the  precipitate  disappeared  in  a  few 
minutes  after  a  little  platinum  chlorid  had  been  added  to  re-ani- 
mate the  development  of  hydrogen,  and  the  liquid  resumed  its  for- 
mer appearance.  The  application  of  heat  was  still  continued  for 
about  15  minutes,  and  a  current  of  hydrogen  free  from  arsenic  was 
then  passed  through  the  apparatus  for  about  the  same  time.  The 
titration  of  the  contents  of  the  absorption  vessels  then  showed  ex- 
actly 0.119  gm.  of  arsenious  acid,  since  40.2  cc.  decinormal  iodin 
solution  were  required  for  its  conversion  into  arsenic  acid.  The 
residue  in  the  round  flask,  on  careful  examination  showed  no  trace 
of  an  arsenical  reaction. 

Hence  it  follows  with  great  probability  that  the  above  assump- 
tion is  correct,  though  it  is  conceivable  that  the  stannous  chlorid 
in  addition  to  its  property  of  precipitating  arsenic  in  a  very  finely- 
divided  metallic  condition,  has  also  a  catalytic  action,  since  stan- 
nous chloride  is  continually  regenerated  in  the  liquid.  Its  modus 
operandi  is  further  explained  by  the  following  observations.  After 
proceeding  as  usual,  and  as  the  zinc  in  the  round  flask  was  chiefly 
dissolved,  solution  of  stannous  chloride  containing  i  or  2  gms.  of 
metallic  tin  was  allowed  to  .flow  slowly  in  through  the  dropping 
funnel.  The  tin  was  by  degrees  rather  quickly  separated  out  as  a 
spongy  mass,  which  dissolved  only  slowly  on  the  addition  of  con- 
centrated hydrochloric  acid,  but  could  be  easily  dissolved  with  a 
brisk  escape  of  hydrogen  on  the  addition  of  a  little  platinum  chlo- 
rid. These  spongy  masses  were  taken  out  of  the  liquid  for  closer 
examination  and  washed  in  distilled  water.  It  was  then  found 
that  they  had  taken  up  the  main  part  of  the  arsenic  present  in  the 
liquid  whidi  retained  only  traces.  Whether  in  this  case  the  arse- 
nic as  separated  really  combines  with  the  tin  as  tin  arsenid,  or  if 
the  arsenic  remains  in  the  spongy  tin  in  a  state  of  fine  metallic  di- 
vision, must  be  left  undecided. 

In  a  check  experiment  the  following  conditions  were  observed. 
As  working  with  the  apparatus  above  described  ofiers  the  incon- 
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venience  that  the  addition  of  liquids  into  the  hot  round  flask 
through  the  dropping  funnel  can  be  eflfected  only  with  the  utmost 
caution,  in  order  to  avoid  a  reflux  occasioned  by  the  momentary 
cooling,  there  was  inserted  after  the  round  flask,  containing  now 
300  ex:,  of  materials,  a  Woulfs  bottle,  holding  150  cc.,  the  gas  in- 
troductory tube  of  which  was  provided  with  a  Bunsen  valve  or  a 
glass  ball  valve.  Thus  a  reflux  was  rendered  impossible,  and  it 
was  no  longer  necessary  to  observe  the  working  of  the  apparatus. 
The  Woulfs  bottle  was  now  connected  with  three  receivers  each 
of  the  capacity  of  idb  cc;  all  contained  silver  solution  i  :  50,  and 
the  Woulfs  bottle  as  much  as  corresponded  to  the  arsenic  used  in 
the  experiment. 

The  precaution  was  also  employed  that  all  the  liquids  could  be 
forced  into  the  round  flask  by  a  pressure  of  hydrogen,  wbereb)' 
any  ascent  of  gas  bubbles  in  the  dropping  flask  was  at  once  ex- 
cluded. 

Since  the  zinc  used  (not  the  same  as  that  used  in  the  former  ex- 
periments which  had  all  been  consumed)  was  found  on  careful  ex- 
amination to  contain  a  minimum  trace  of  zinc,  this  trace  was  first 
determined  in  the  apparatus.  30  gms.  of  the  zinc  were  found  to 
contain  0.00375  P^^  cent,  of  arsenic,  corresponding  to  0.3  cc.  of  the 
decinormal  solution  of  iodin,  which  was  consumed  on  titrating 
the  contents  of  the  receivers.  If,  therefore,  again  20  cc.  of  the  i 
per  cent,  solution  of  arsenic,  which  required  as  before  on  titration 
40.2  cc.  of  decinormal  solution  of  iodin,  were  volatilized  in  the  ap- 
paratus as  arsenic  hydrid  by  means  of  30  gms.  of  zinc,  the  titra- 
tion of  the  contents  of  the  receivers  after  elimination  of  the  excess 
of  silver,  etc.,  must  show  an  excess  of  0.3  cc.  of  the  standard 
liquid.  This  was,  in  fact,  the  case.  On  titration  there  were  con- 
sumed 40.47  cc,  consequently  there  were  found  40.17  cc.  of  the 
decinormal  solution.  Thus  the  availability  of  the  method  was  de- 
monstrated. 

Further  experiments  are  intended,  and  the  method  will  be  es- 
pecially tested  to  find  whether  it  may  be  ultimately  available  for 
a  separation  of  arsenic  from  antimony,  or  for  the  determination  of 
both  elements  when  simultaneously  present.  Whilst  arsenic  hy- 
drid reacts  with  a  dilute  silver  solution  to  form  arsenious  acid, 
and  to  liberate  metallic  silver,  antimony  hydrid  precipitates  from 
a  solution  of  silver,  even  if  its  concentration  is  only  i  :  80,  merely 
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black   silver  antimonid,  upon  which  behavior  the  separation  of 
both  elements  may  possibly  be  based. 

This  profound  difference  in  the  behavior  of  both  hydrogen 
compounds  with  dilute  solutions  of  silver  is  also  theoretically  in- 
teresting. If  we  reflect  that  in  the  oxygen  compounds  of  the  triv- 
alent  elements,  N,  P,  As,  Sb,  consequently  in  N^O,,  P,Og,  As,0„ 
Sb,0«f  the  acid  character  continually  decreases,  and  that  with 
higher  atomic  weights  basic  characters  become  more  perceptible, 
and  that  in  the  corresponding  hydrogen  compounds,  NHj,  PHg, 
AsHj,  SbH„  the  behavior  is  exactly  the  reverse,  we  are  inclined 
to  ascribe  to  antimony  hydride  faintly  acid  properties  which  come 
clearly  into  evidence  in  their  action  upon  dilute  silver  solutions. 
For  the  recognition  of  antimony  hydrid  as  a  feeble  acid — feebler 
than  hydrogen  sulfid — we  have  the  testimony  of  the  occurrence 
in  nature  of  silver  antimonid,  whilst  silver  arsenid  is  known  neither 
chemically  nor  as  a  mineral. 

The  above  described  method  is  a  simple  means  for  the  determi- 
nation of  arsenic,  and  is  the  more  important  in  toxicology,  as  in 
forensic  inquiries  arsenic  is  almost  exclusively  recognized  by  the 
Marsh  test. 


NEW  METHODS  OF  ESTIMATING  CHROMIUM  IN 
FERRO-CHROMIUM  AND  STEEL.* 

Bt  John  Clark,  Ph.D. 
FERRO-CHROMIUM. 

On  account  of  its  technical  importance  the  estimation  of  chromium 
in  ferro-chromium  has  engaged  the  attention  of  a  considerable 
number  of  chemists,  but  the  processes  hitherto  published  are  for 
the  most  part  very  tedious.  This  is  to  a  large  extent  due  to  the 
difficulty  which  is  experienced  in  getting  the  whole  of  the  chromium 
into  solution,  as  alloys  rich  in  chromium  are  only  partially  soluble 
in  nitric,  sulfuric,  or  hydrochloric  acids,  or  even  aqua  regia. 

H.  N.  Warren,  it  is  true  {Chem.  News^  65,  186),  states  that 
ferro-chromium  is  readily  dissolved  by  heating  with  strong  sul- 
furic acid,  but  I  have  not  succeeded  in  completely  dissolving  in 
this  way  the  alloys  which  I  have  had  occasion  to  test,  the  best 
result  obtained  after  heating  with  H,SO^  for  a  day  giving  8.9  per 
cent,  of  insoluble  chromium,  and  as  they  frequently  contain  alumi- 

*J-  Soc.  Chcm.  Ind.,  11,  501. 
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num  his  method  of  estimating  the  chromium  by  weighing  the  pre- 
cipitates of  oxids  of  chromium  and  iron,  and  deducting  the  iron  is, 
in  my  opinion,  scarcely  entitled  to  be  called  accurate.  According 
to  R.  Schoffel  {Ber,  Deuisch.  Chem,  1879,  1863)  ^ven  direct  fusion 
with  carbonate  of  soda  and  nitrate  of  potash  is  of  no  use,  and  he 
therefore  recommends  that  the  greater  portion  of  the  iron  of  the 
ferro-chromium  should  be  dissolved  out  with  the  double  chlorid 
of  copper  and  sodium  or  ammonium,  and  the  residue  fused  with 
carbonate  of  soda  and  nitrate  of  potash,  but  he  admits  that  this 
process  is  jiot  suitable  for  alloys  containing  more  than  8  per  cent, 
of  chromium. 

A.  Ziegler  states  that  ferro-chromium  can  be  dissolved  by  fusion 
with  a  large  excess  of  bisulfate  of  potash  or  soda,  but  he  recom- 
mends {Ding,  279,  163)  that  the  ferro-chromium  should  be  fused 
with  a  mixture  of  6  parts  of  caustic  soda  and  3  of  nitrate  of  potash 
and  the  chromium  in  the  solution  twice  precipitated  with  ammonia 
after  evaporation  to  dryness  with  hydrochloric  acid  to  render  the 
silica  insoluble.  In  addition  to  this,  the  portion  insoluble  in  water 
is  dissolved  in  hydrochloric  acid,  and  the  oxid  of  iron  tested  for 
chromium. 

In  1 87 1  {Chem.  News,  24,  286  and  304)  I  published  a  new 
method  of  estimating  chromium  in  chrome  iron  ore,  depending  on 
the  oxidation  of  the  chromium  by  means  of  a  mixture  of  caustic 
soda  and  magnesia,  and  subsequent  titration  of  the  chromic  acid. 
In  1877,  or  fully  five  years  afterwards,  this  process  was  reproduced 
by  A.  Christomanos  as  his  own  in  a  paper  read  before  the  German 
Chemical  Society  {Ber,  Deutsch.  Chem,  10,  16).  I  did  notobsen'e 
this  publication  at  the  time  and  would  have  taken  no  notice  of  it 
now,  but  I  find  that  in  Roscoe  and  Schorlemmer's  Treatise  on 
Chemistry  (2,  Part  2,  p.  183),  Christomanos  is  referred  to  in 
a  foot-note  as  the  author  of  the  process,  and  I  therefore  take  this 
opportunity  of  pointing  out  my  claim  to  priority.  This  process  is 
very  suitable  for  ores  or  oxid  of  iron  precipitates,  as  the  oxid  of 
chromium  is  readily  converted  into  chromic  acid  at  the  tempera- 
ture of  a  Bunsen  flame,  but  on  applying  it  to  poor  ferro-chro- 
mium under  the  same  conditions  so  little  oxidation  took  place 
that  I  concluded  it  was  necessary  to  oxidize  the  chromium  be- 
fore it  could  be  converted  into  chromic  acid  by  soda  and  mag- 
nesia.    Unfortunately,  ferro-chromium  is  only  partially  oxidized 
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in  the  muffle  or  over  a  blow-pipe,  and  even  when  heated  in 
pure  oxygen  by  means  of  a  gas  combustion  furnace  oxida- 
tion takes  place  very  slowly.  I  found,  however,  on  repeating 
my  experiments  with  rich  alloys  of  chromium,  that  when  the  tem- 
perature was  lowered  to  a  point  at  which  it  seemed  scarcely  possi- 
ble that  any  action  could  take  place  the  ferro-chromium,  even  when 
in  coarse  powder,  was  readily  and  rapidly  oxidized  by  the  soda 
and  magnesia  without  the  use  of  an  oxidizing  agent  such  as  chlo- 
rate or  nitrate  of  potash,  any  excess  of  which  would  interfere  with 
the  subsequent  titration  of  the  chromium. 

Magnesia  and  Soda  Process, — One  gram  of  the  finely  pulverized 
ferro-chromium  is  intimately  mixed  in  a  platinum  crucible  with  5 
gms.  of  magnesia  mixture,  consisting  of  two  parts  of  freshly  cal- 
cined magnesia,  and  three  parts  of  finely  pulverized  hydrate  of  so- 
dium, and  the  crucible  is  placed  over  a  low  Bunsen  flame  in  such 
a  manner  that  only  the  point  of  the  flame  touches  the  bottom  of 
the  crucible.  Oxidation  begins  almost  immediately,  and  takes 
place  so  rapidly  that  the  contents  of  the  crucible  actually  glow  for 
several  minutes.  After  heating  at  this  temperature  for  about  half 
an  hour  without  stirring,  the  flame  is  raised  and  the  bottom  of  the 
crucible  maintained  at  a  dull  red  heat  for  another  half  hour.  The 
contents,  which  consist  of  an  adherent  powder,  are  then  washed  into 
a  porcelain  basin  and  boiled  for  some  minutes  to  dissolve  out  the 
chromate,  which  is  either  pure  yellow  or  slightly  green  in  color  if 
manganese  is  present.  To  decompose  the  manganate  peroxid  of 
hydrogen  is  added  drop  by  drop  till  there  is  no  further  change  of 
color,  and  after  boiling  for  a  few  minutes  to  remove  any  excess  of 
peroxid  of  hydrogen  the  solution  is  filtered,  acidified  with  sulfuric 
add,  and  the  chromium  estimated  by  adding  an  excess  of  ferrous 
ammonium  sulfate,  and  titrating  the  unoxidized  iron  with  a  stand- 
ard solution  of  bichromate  of  potash.  Although  the  bulk  of  the 
chromium  is  rendered  soluble  in  the  first  fusion,  a  little  always 
escapes  oxidation.     To  extract  this  the  insoluble  portion  on  the 

* 

filter  is  ignited,  ground  in  an  agate  mortar,  and  again  fused  with 
about  twice  its  bulk  of  magnesia  mixture  for  about  half  an  hour, 
and  the  chromic  acid  is  estimated  as  before.  The  insoluble  por- 
tion is  now  washed  into  a  beaker  or  basin,  and  the  bulk  of  the 
magnesia  is  removed  by  adding  dilute  sulfuric  acid  till  the  reac- 
tion is  neutral.     The  oxid  of  iron  is  then  filtered  off  and  again 
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iiised  with  magnesia  mixture,  when  the  last  traces  of  chromium 
will  be  obtained. 

Example, 

Cms. 
Found.  Per  Cent. 

1st  fusion 0.5491  5491 

2d       "  0.0320  3.20 

3d       "  0.0096  0.96 

4th     "  

'  Total 0.5907  59.07 

Lime  and  Soda  Process. — Rich  ferro-chromium  can  also  be  oxi- 
dized by  heating  the  finely  pulverized  alloy  in  the  manner  already 
described  with  five  times  its  weight  of  lime  (CaO)  and  sodium 
hydrate  in  equal  proportion.  In  this  case  it  is  advisable  before 
filtering  to  add  about  2  gms.  of  bicarbonate  of  sodium  to  convert 
the  lime  into  carbonate,  but  in  other  respects  the  pnxiess  is 
the  same.  As  a  rule,  however,  at  least  four  fusions  are  needed  to 
extract  the  whole  of  the  chromium. 

Calcium  Hydrate  Process, — Although  alloys  of  chromium  are 
difficult  to  oxidize  when  heated  alone  either  in  air  or  oxygen,  they 
are  readily  converted  into  oxid  at  high  temperatures  in  presence 
of  calcium  hydrate,  and  this  fact  can  be  utilized  for  the  estimation 
of  the  chromium  as  follows  : 

One  gm.  of  the  finely  pulverized  ferro-chromium  is  mixed  with 
three  times  its  weight  of  calcium  hydrate  and  heated  in  a  platinum, 
nickel  or  porcelain  crucible  in  a  muffle  or  over  the  blow-pipe  for 
about  half  an  hour  when  oxidation  is  practically  complete.  The 
action  takes  place  most  rapidly  in  platinum  or  nickel,  but  the  plat- 
inum is  strongly  acted  upon,  and  the  nickel  usually  gives  way 
after  being  used  two  or  three  times.  It  is  therefore  more  econom- 
ical to  use  a  porcelain  vessel.  The  contents  of  the  crucible  consist 
of  a  green  powder,  which  can  easily  be  crushed  with  a  glass  rod 
and  contains  no  chromate.  The  oxid  of  chromium  thus  formed 
may  be  converted  into  chromic  acid  by  adding  to  the  crucible  5 
gms.  of  the  magnesia  and  soda  mixture  above  referred  to, 
stirring  with  a  rod  and  heating  in  the  muffle  or  over  a  Bunsen  for 
about  an  hour;  but  when  the  ferro-chromium  is  employed  in  coarse 
powder  it  is  advisable  to  grind  the  lime  fusion  before  the  addition 
of  the  magnesia  mixture.     The  contents  of  the  crucible,  which 
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seem  to  have  little  or  no  action  on  the  porcelain,  are  boiled  with 
water  and  a  little 'peroxid  of  hydrogen,  filtered  after  the  addition 
of  about  3  gms.  of  bicarbonate  of  sodium,  and  the  chromic  acid 
titrated  in  the  manner  already  described.  As  a  small  quantity  of 
the  chromium  usually  escapes  oxidation,  the  insoluble  portion  is 
again  heated  with  about  its  own  bulk  of  the  magnesia  and  soda 
mixture  for  about  half  an  hour,  and  the  chromate  estimated  as  be- 
fore. The  insoluble  portion  should  now  be  neutralized  with  di- 
lute hydrochloric  acid  to  remove  the  bulk  of  the  lime  and  mag- 
nesia, and  the  residue  subjected  to  a  third  fusion  to  ensure  the  ex- 
traction of  the  last  trace  of  chromium. 

Example, 

Nickel  Crucible.  Porcelain  Crucible. 

Pound.  Per  Cent.  Pound.  Per  Cent. 

ist  fusion 0.5645  56.45  0.4904  49.04 

2d      **        0.2321  2.31  0.0673  6-73 

3d      "        0.0045  0.45  0.0323  3.23 

4tb     '*        0.0025  0.25 

Total  ....      0.5921  59.21  0.5925  59.25 

This  process  works  well,  and  is  more  suitable  for  poor  alloys  of 
chromium  than  those  which  I  have  alread)'^  described. 

The  oxid  of  chromium  produced  by  heating  i  gm.  of  the  ferro- 
chromium  with  hydrate  of  calcium  may  also  be  converted  into  chro- 
mic acid  by  heating  with  4  gms.  of  carbonate  of  soda  in  the  muffle, 
but,  as  a  rule,  a  smaller  yield  of  chromate  is  obtained  in  the  first 
fusion  and  more  fusions  are  required.  In  other  respects  the  pro- 
cess is  the  same  and  the  results  equally  correct. 

Example. 

Cr  Found.     Cr  Per  Cent. 
Gm. 

Ist  fusion 0.4535  45.35 

2d       **        0.1064  10.64 

3d     "      0.0193  1.93 

4th     **        0.0083  0.83 

5th     **        0.0020  0.20 

Total" 0.5895  58.95 

Sulfur  Process. — ^The  disintegration  and  oxidation  of  ferro- 
chromium  can  also  be  eflfected  by  means  of  sulfur  instead  of  hy- 
drate of  calcium.     For  this  purpose  i  gm.  of  the  finely  pulverized 
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alloy  is  placed  in  a  porcelain  boat  and  subjected  for  about  30  min- 
utes to  the  action  of  sulfur  vapor  in  a  porcelain  tube  heated  by 
an  ordinary  gas  combustion  furnace.  As  soon  as  the  vapor  comes 
in  contact  with  the  heated  ferro-chromium  a  strong  action  takes 
place,  the  metal  glows  and  swells  up  to  several  times  its  original 
bulk,  and  a  little  powder  is  apt  to  be  carried  away  mechanically 
by  the  sulfur  vapor  and  scintillates.  The  product,  which  is  gray- 
ish black  in  color,  is  the  form  of  a  fine  powder  and  consists  es- 
sentially of  Cr,S,  and  FeS.  The  sulfid  thus  produced  is  easily 
ground  in  an  agate  mortar,  and  may  be  at  once  converted  into 
chromate  by  heating  over  a  Bunsen  with  eight  times  its  weight  of 
the  magnesia  and  soda  mixture  already  referred  to,  or  it  may  be 
converted  into  oxid  by  ignition  in  a  porcelain  crucible,  then  fused 
with  five  times  its  weight  of  the  mixture,  and  the  chromic  acid 
titrated  as  already  described  after  removing  the  manganese. 

Example, 

A.  B. 

Cr  Pound.     Cr  Per  Cent.     Cr  Pound.     Cr  Per  Cent. 
Gin.  Gm. 

1st  fusion 0.5606  56.06  0.5713  57.13 

2d      "        0.0229  2.29  0.0075  0-75 

3d      "        0.0015  0.15  0.0029  0.29 

^f\Si.                .....           .    .  .    .                    .    .  .   . 

Total 0.5850  58.50  0.5817  58.17 

The  results  obtained  by  this  method  are  rather  lower  than  by 
the  other  processes,  but  this  is  in  my  opinion  sufficiently  account- 
ed for  by  the  slight  mechanical  loss  sustained. 

The  ferro-chromium  may  also  be  completely  converted  into 
sulfid  by  heating  with  excess  of  sulfur  in  a  covered  porcelain 
crucible  over  a  Bunsen,  but  in  this  case  it  is  necessary  to  repeat 
the  operation  three  times,  as  the  action  takes  place  chiefly  when 
the  bulk  of  the  sulfur  has  been  volatilized,  and  the  scintillation 
and  mechanical  loss  are  greater. 

Carbon  Bisulfid  Process, — Sulfurization  can  also  be  effected  by 
exposing  the  metal  to  the  action  of  carbon  bisulfid  vapor  in  a 
porcelain  tube  heated  by  a  combustion  furnace.  The  product  in 
this  case  also  is  a  bulky  powder,  a  portion  of  which  is  apt  to  fell 
over  the  side  of  the  boat,  but  otherwise  there  is  apparently  no  me- 
chanical I0.SS.     It  requires  no  grinding,  and  is  heated  with  magne- 
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sia  and  sodium  hydrate  either  with  or  without  previous  roasting, 
and  the  chromium  estimated  as  described.  One  gram  ferro-chro- 
mium  gave  with  this  treatment: — 

Cr  Pound.     Cr  Per  Cent. 
Gm.  Gm. 

ist  fusion 0.5789  57.89 

2d       *'  0.0056  0.56 

3d       *•  0.0018  0.18 

4th      '*  

Total 0.5863  58.63 

Stkel. 

On  account  of  its  greater  solubility  in  acids,  the  estimation  of 
chromium  in  steel  is  usually  considered  to  be  easier  than  in  ferro- 
chromium,  but  I  must  confess  it  has  given  me  more  trouble.    J 
have  already  indicated  that  poor  alloys  of  chromium  are  very  im- 
perfectly oxidized  when  heated  direct  with  sodium  hydrate  mixed 
with  magnesia  or  lime,  and  the  same  holds  good  to  a  still  greater 
extent  with  steel.     Calcium  hydrate  works  better,  but  the  oxida- 
tion of  the  chromium  seems  to  be  prevented  by  the  formation  of  a 
crust  of  oxid  of  iron;  and  when  this  method  is  used  it  is  necessary 
to  grind  the  lime  fusion  once  or  twice .  to  expose  a  fresh  surface. 
When  this  is  done,  fairly  good  results  are  obtained,  but  the  sulfur 
and   carbon  bisulfid  processes  are  by  far  the  best.     When  steel 
turnings  are  exposed  to  the  action  of  sulfur  vapor,  there  is  no  in- 
dication of  mechanical  loss  as  in  ferro-chromium,  and  the  sulfid 
produced   appears  slightly  fused.     Sometimes  it  adheres  to  the 
porcelain,  but  it  can  generally  be  detached,  in  which  case  it  is 
pulverized,  then  roasted  in  a  porcelain  crucible,  and  fused  with  four 
times  its  weight  of  the  mixture  of  magnesia  and  sodium  hydrate 
already  referred  to,  and  the  chromium  estimated  as  described. 

When  the  sulfid  adheres  firmly  to  the  porcelain,  it  is  ignited 
in  the  boat  itself  till  it  can  be  detached  and  ground.  Two  fusions 
are  generally  sufficient  for  the  extraction  of  the  whole  of  the  chro- 
mium. 

Example, 

Three  grams  of  a  steel  received  from  Mr.  R.  A.  Hadfield,  of  the 
Hecla  Works,  Sheffield,  and  said  to  contain  1.60  per  cent,  of  chro- 
mium, gave  the  following  results  by  this  process: — 
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A.  B. 

Cr  Pound.    Cr  Per  Cent.    Cr  Pound.    Cr  Per  Cent 
Gni.  Gm. 

ist  fusion 0.0480  1.60  0.0492  1.64 

2d       '^       0.0036  0.12  0.0021  ao7 

^d      " 

Total 0.0516  1.72  0.0513  1.71 

Although  the  sulfur  process  works  well,  the  carbon  bisulfid 
method  is,  in  my  opinion,  the  best  for  steel.  It  is  most  conven- 
iently carried  out  by  attaching  a  flask  containing  carbon  bisulfid 
to  one  end  of  the  porcelain  tube  and  a  small  condenser  to  the  other, 
and  passing  a  gentle  stream  of  CS,  vapor  over  the  heated  steel  for 
about  an  hour.  On  the  removal  of  the  boat,  it  will  be  observed 
that  the  steel  drillings  have  increased  considerably  in  bulk  and  are 
soft  and  porous,  but  they  retain  their  original  form.  As  the  pro- 
duct has  no  tendency  to  adhere  to  the  porcelain,  it  can  at  once  be 
transferred  to  a  crucible  and  roasted.  Oxidation  takes  place  very 
rapidly,  and  in  the  course  of  about  half  an  hour  the  sulfid  is  con- 
verted into  a  fine  powder  without  stirring  or  grinding,  and  may 
be  at  once  heated  with  four  times  its  weight  of  the  mixture  of  mag- 
nesia and  sodium  hydrate,  and  the  chromate  extracted  and  esti- 
mated as  described. 

Example, 

Two  grams  of  the  steel  fi"om  the  Hecla  Works  treated  in  this 
way: — 

Cr  Pound.    Cr  Per  Cent. 
Gm. 
ist  fusion 0.0332  1.66 

2d       *'       0.0018  0.09 

3d       "       __ 

Total 0.0550  1.75 

These  methods  involve  several  fusions,  but  the  time  occupied  in 
the  estimation  of  the  chromium  should  not  exceed  one  day,  and, 
of  course,  the  filtrates  from  the  different  fusions  can  be  united 
and  titrated  as  one. 
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COPPER  SULFATE  AS  A  MATERIAL  FOR 
STANDARDIZING  SOLUTIONS. 

Bv  Edward  Hart. 

Since  the  paper  by  Croasdale  and  myself  was  published  (see 
this  Journal  4,  424)  I  have  had  considerable  experience  in  the 
use  of  the  method  there  detailed  and  find  it  to  be  extremely 
accurate.  Several  things  remained  to  be  proven  which  I  in- 
tended to  take  up  and  press  to  a  solution;  but  they  have,  in  the 
meantime,  been  solved  with  a  great  deal  of  accurate  and  pains- 
taking work  by  Prof.  T.  W.  Richards  in  the  course  of  his  inves- 
tigation on  the  atomic  weight  of  copper.*  The  points  to  be 
solved  were: 

I .  What  is  the  exact  ratio  between  Cu  and  SO,  in  copper  sul- 
fate ? 

Prof.  Richards  finds  that  the  ratio  betw-een  Cu  and  SO^  is, 
neglecting  the  first  series  :t 


Second  Scricji 
Third  Series 

Cu 

2.S.4.S0      : 

2.«>.44S      : 

or 

so« 

3^-4.^6  ) 

}  mean  251.440  :  3' 
38.436  ) 

Cu 

25-44Q 

SO«                =: 

or 

Cu                        SO. 

63.604J                   g6.o62 

Cu                 H,S(), 

=     6.^.664 
or 

(96.062  -1-  2.014J)  = 

Cu 

HySO*           = 

1                           1.5419' 

2.  How  can  we  get  copper  sulfate  pure,  and  absolutely  normal 
or  free  from  excess  of  acid  ? 

*Sec  c«i>ecially  his  fourth  paper.  Proc.  Amer.  Acad.  a6,  240. 
tibid.  a6,  360,  second  table.        t  l^i^-  26,  293. 
^  For  H,.  see  this  Journal  5,  55. 
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It  is  quite  easy,  as  Prof.  Richards*  and  Hampet  have  shown, 
to  prepare  copper  sulfate  by  adding  to  the  solution  a  trace 
of  potassium  hydroxid,  to  precipitate  bismuth  and  iron,  and  am- 
monium bromid  to  throw  down  silver.  Richards}  has  also  shown 
that  methyl  orange  may  be  used  as  a  test  of  neutrality,  and  that 
it  is  easy  to  detect  a  very  minute  excess  of  acid  in  this  way. 

When  electrolytic  copper  is  dissolved  in  hot  concentrated  sul- 
furic acid  and  the  resulting  hard  cake  dissolved  in  water,  a  black 
residue  of  copper  sulfid  remains,  evidently  formed  by  the  reduc- 
tion of  sulfur  dioxid  by  the  metallic  copper.  It  is  possible  that 
this  reduction  of  sulfur  may  remove  some  of  the  foreign  metals 
present;  the  examination  of  this  point  I  must,  however,  post- 
pone for  the  present.  All  the  copper  sulfate  used  was  prepared 
in  this  way  from  electrolytic  copper,  and  was  very  pure. 

In  our  first  paper  the  addition  of  sodium  or  potassium  sulfate 
was  recommended  for  the  purpose  of  increa.sing  the  conductinty 
of  the  solution.  This  addition  seems,  however,  to  be  unnecessan- 
and  I  find  that  potassium  sulfate  is  quite  inadmissible,  as  double 
insoluble  sulfates  are  formed. 

The  sulfuric  acid  obtained  from  the  copper  sulfate  can  only  be 
used  for  standardizing  another  solution;  and  since  it  was  all  im- 
portant that  the  keeping  qualities  of  the  solution  should  be  good, 
I  concluded  to  use  decinormal  sulfuric  acid,§  using  an  empirical 
sodium  carbonate  solution  as  intermediary. 

Phenol-phthalein  was  chosen  as  the  indicator  and  the  beakers 
used  containing  a  little  water  and  a  trace  of  the  indicator  were 
boiled  for  half  an  hour  to  be  sure  that  nothing  alkahne  would 
go  into  solution  during  boiling.  In  this  way  I  have  been  able  to 
make  up  in  a  short  time  by  the  method  of  Maxwell  Lytel 
and  with  the  greatest  exactitude  seven  or  eight  liters  of  deci- 
normal sulfuric  acid  (enough  to  serve  for  a  long  time  as  a 
standard  in  alkalimetric  work).  The  strength  after  adjust- 
ment was  found  to  be  such  that  i  cc.  =  0.0052997  sodium  car- 
bonate, a  total  minus  error  per  cc.  of  0.0000003. 

♦  Proc.  Amcr.  Acad.  a6,  245. 

t  Ztschr.  anal.  Chcm.  13.  352.  t  Chem.  News  43,  22. 

§  Mr.  A.  H  WeHes  informs  me  that  their  decinormal  sulfuric  acid  did  not  keep  «"  V" 
the  laboratorj'  of  the  N.  Y.  Tartar  Co..  becoming  filled  with  funeoid  growths.  This  t. 
not  surprisinp:  when  the  nature  of  the  surroundings  is  considered. 

II  Chem.  News,  26,  159:  29,  23. 
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I  have  made  no  attempt  to  compare  the  sulfuric  acid  obtained 
from  the  copper  sulfate  with  sodium  carbonate  by  weight  since 
this  has  already  been  done  with  the  greatest  exactitude  by 
Prof.  Richards  in  his  fourth  paper  on  the  atomic  weight  of 
copper  already  cited. 

A  committee  of  the  Association  of  Official  Agricultural  Chem- 
ists have  compared  our  method  with  others  and  speak  well  of  it. 
I  doubt  whether  their  report  adds  to  the  evidence  in  either  di- 
rection, however,  since  their  ultimate  standard  was  a  solution  of 
hydrochloric  acid  the  strength  of  which  was  determined  by 
precipitation  with  silver  nitrate.  Every  chemist  knows,  how- 
ever, that  it  is  an  easy  matter  to  make  an  error  of  half  a  milligram 
in  any  method  involving  a  precipitation  and  the  transfer  of  a  pre- 
'cipitate;  Croasdales  results*  and  tho.se  of  Richardst  show  that 
the  error  involved  is  much  less  when  copper  is  determined  by 
the  batter>'  method,  and  that  we  can  probably  determine  copper 
more  accurately  than  any  other  element,  consequently  that  our 
method  .should  be  taken  as  the  .standard  and  others  referred  to 
it. 


A  NEW  METHOD  FOR  THE  DETERMINATION  OF 

SODA  IN  SOAP,  TOGETHER  WITH  A  FICW 

NOTES  ON  METHODS  GENERALLY 

EMPLOYED. 

By  W11.SOX  H.  I.OW.  Chrmical  Dikkctor  of  N.  K.  Ha ik hank  it  Co..  CmCACio.  III. 

In  the  ordinary  method  of  soap  analy.sis,  the  sample  is  dis- 
solved in  neutral  alcohol  and  filtered  from  any  insoluble  residue, 
which  is  washed,  dried  and  weighed  and  further  examined  if 
necessary.  The  soap  is  in  the  alcoholic  solution  together  with 
other  matters  soluble  in  aqueous  alcohol,  such  as  a  small  amount 
of  carbonate  of  soda,  the  whole  or  almost  the  whole  of  the  chlorid 
and  sometimes  other  matters  of  mineral  or  vegetable  origin.  A 
little  phenol-phthalein  is  added  to  the  solution  to  serve  as  an 
indicator  and  if  alkaline,  acid  is  added  to  neutralize  and  the 
amount  used  calculated  to  sodium  hydroxid.  and  if  acid,  alkali  is 

•  This  Journal  5,  140. 

♦  l*roc.  .\mer.  Acad.  a6,  26_». 
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added  and  the  amount  calculated  to  fatty  acid.  Neither  of  these 
titrations  expresses  the  exact  truth  but  they  are  the  ones  gener- 
ally employed  for  the  purpose.  The  main  errors  are  due  to  the 
fact  that  sodium  carbonate  is  soluble  to  a  slight  extent  in  ordi- 
ary  alcohol  and  gives  an  alkaline  reaction  with  phenol-phthalein, 
this  being  estimated  as  caustic,  and  also  the  combining  weight 
of  the  free  fatty  acid  or  acids  is  rarely  known  very  closely  and  is 
by  no  means  necessarily  the  same  as  the  mean  combining  weight 
of  the  mixed  fatty  acids  in  soap.  In  fact,  the  free  fatty  acid 
has  generally  a  very  different  combining  weight.  This  latter 
source  of  error  is  usually  greater  than  the  estimation  of  caustic  as 
the  combining  weights  of  the  fatty  acids  are  so  high  it  is  a  diffi- 
cult thing  to  estimate  exactly  in  small  quantities.  It  is  my  custom 
unless  the  free  fatty  acids  are  present  in  considerable  quantity; 
to  disregard  them  entirely.  This  does  not  apply  to  the  free  fat 
and  unsaponifiable  matter,  which  are  determined  in  a  different 
manner. 

After  the  above  operations  the  soap  is  present  as  a  neutral 
compound  together  with  the  other  matters  soluble  in  alcohol. 
The  solution  is  evaporated  to  dryness  to  expel  the  alcohol  and 
then  dissolved  in  hot  water  and  an  excess  of  standard  acid  run 
in  to  set  free  the  fatty  acids.  These  are  separated  from  the  acid 
solution  in  any  suitable  manner,  and  the  latter  should  be  shaken 
with  neutral  ether  to  remove  any  fatty  acids  from  the  solution, 
and  the  ether  solution  evaporated  to  dryness  and  the  residue 
weighed  and  added  to  the  weight  of  the  main  lot  of  fatty  acids. 

The  ether  is  evaporated  from  the  acid  solution  and  then,  after 
cooling,  the  excess  of  acid  used  is  estimated  by  back  titration 
with  alkali,  using  methyl  orange  as  indicator.  The  amount  of 
salt  or  chlorid  is  next  found  by  titration  of  the  neutral  solution 
with  silver  nitrate. 

The  above  gives  a  general  idea  of  the  ordinary  or  regular 
method  of  soap  analysis.  It  does  not  pretend  to  go  into  details  or 
to  indicate  the  determination  of  many  things  that  may  be  present; 
to  do  so  would  require  a  small  volume,  as  I  know  of  no  more 
complicated  mixture  than  some  commercial  samples  of  soap. 
Familiarity  with  their  examination  is  the  only  way  to  learn  how 
to  analyze  them. 
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As  can  be  seen  by  the  scheme  outlined,  several  operations 
>vill  be  performed  and  considerable  time  consumed  before  the 
soda  combined  with  the  fatty  anhydrides  as  soap  will  be  known. 
As  it  is  often  a  matter  of  importance  to  determine  this  in  a  short 
time  some  quicker  method  was  looked  for.  Direct  ignition  of 
the  soap  and  titration  of  the  residue  is  only  applicable  to  a  pure 
soap  containing  no  free  or  carbonated  alkali ;  further,  another 
portion  of  the  soap  must  be  weighed  out  if  the  other  constituents 
are  wanted. 

Allen  (2,  260)  states  that  the  combined  soda  in  a  soap  may 
be  determined  in  aqueous  solution  by  adding  standard  acid 
gradually  till  methyl  orange  indicates  a  slight  excess.  My 
own  experience  confirms  this,  if  it  is  done  carefully  and  the 
solution  is  not  too  hot.  The  tendency  is  to  get  in  too  much  acid 
as  the  separated  fatty  acids  give  the  liquid  a  milky  appearance 
which  somewhat  masks  the  end  reaction. 

Blue  lacmoid  solution  may  be  used  in  place  of  methyl  orange 
but  possesses  no  particular  advantage  in  aqueous  solution.  In 
any  case  the  method  can  onlv  be  used  when  there  is  no  free 
caustic  or  carbonated  alkali. 

In  his  notes  on  the  various  indicators  and  their  behavior  in 
different  solutions  under  changed  conditions,  R.  T.  Thomson 
states  (Chcm.  Ncu*s,  52,  18,  July,  1885)  that  '*  red  lacmoid  paper 
shows  almost  instantaneously  even  a  slight  alkalinity,  in  the 
strongest  alcohol,  and  if  the  alcohol  containing  a  trace  of  alkali 
be  colored  blue  with  lacmoid  solution,  one  drop  of  normal  acid 
will  change  the  color  immediately."  This  statement  has  been 
confirmed  by  the  writer,  and  also  if  100  to  200  cc.  of  neutral 
alcohol  be  colored  slightly  blue  with  a  lacmoid  solution,  one 
drop  of  normal  acid  will  give  a  strong  bright  red  coloration, 
which  change  from  blue  to  red  is  very  sharp. 

Thomson  further  states  in  regard  to  methyl  orange,  **  100  cc. 
of  alcohol  requires  at  least  0.5  cc.  of  normal  acid  to  effect  even 
a  slight  change  in  color.  Several  cubic  centimeters  are  neces- 
sary to  bring  out  the  full  color.  The  end  reaction  is  indistinct. 
When  diluted  unth  five  or  six  times  its  volume  of  water,  alcohol 
has  very  little  effect  on  methyl  orange  and  its  effect  may  be 
disregarded. 


426  DETERMINATION   OF  SODA    IN   SOAP. 

It  is  thus  seen  that  while  blue  lacmoid  solution  and  methyl 
orange  behave  the  same  in  aqueous  solution,  in  alcoholic  solution 
methyl  orange  is  useless. 

From  the  fact  that  blue  lacmoid  solution  was  affected  ver>*  lit- 
tle, if  any,  by  ordinar>'^  insoluble  fatty  acids  when  separated  from 
aqueous  solution  and  also  that  it  was  a  good  indicator  of  mineral 
acids  in  alcoholic  solution,  it  was  hoped  that  the  fatty  acids  in 
alcoholic  solution  would  have  little  effect  on  the  indicator.  This 
was  found  to  be  the  case  and  is  the  foundation  of  the  present 
process. 

When  blue  lacmoid  solution  is  added  to  a  boiling  hot  neutral 
.solution  of  soap  in  ordinar>'  alcohol,  it  gives  the  liquid  a  bluish  tint 
and  of  about  the  same  shade  as  if  no  soap  were  present.  Now 
on  adding  a  drop  of  normal  acid  little,  if  any,  change  will  occur 
and  the  blue  tint  will  remain  on  further  addition  of  acid  till  within 
a  few  cubic  centimeters  of  the  end  point,  when  the  indicator 
begins  to  lose  its  color  and  appears  like  fine  black  particles  mixed 
with  clear  water.  A  little  more  acid  causes  the  indicator  to  give 
a  slight  reddish  tint  to  the  liquid.  It  is  not  a  pure  red  and  noth- 
ing like  the  red  given  by  the  final  reaction.  When  this  point  is 
reached  the  acid  should  be  added  slowly  or  drop  by  drop  till 
the  indicator  gives  the  liquid  a  pure  bright  red  coloration.  This 
point  is  easily  distinguished  from  the  previous  reddish  tint  and 
further  addition  of  acid  causes  no  change  "in  it.  In  a  colorless 
soap  solution  the  change  is  well  marked,  and  even  in  solutions  of 
soap  of  themselves  a  yellow  or  brown  color  the  end  reaction  is 
apparent  by  the  change  to  a  pure  bright  color  something  like  the 
clearing  up  of  the  solution.  The  amount  of  indicator  to  use 
depends  on  the  depth  of  color  of  the  original  soap  solution. 
I^nough  must  be  used  so  that  its  change  of  color  will  mask  or 
overcome  any  given  by  the  soap  itself.  In  turbid  soap  solutions, 
caused  by  insoluble  matter  in  suspension,  the  clear  bright  red 
color  cannot  be  seen,  but  the  end  point  of  the  reaction  is  so  well 
marked  by  a  decided  change  in  the  color  of  the  liquid,  that  fur- 
ther addition  of  acid  does  not  alter  it.  A  little  practice  will  make  it 
clear  when  the  end  reaction  occurs.  The  one  thing  to  emphasize 
is  to  accept  no  doubiful  or  obscure  end  reaction,  but  to  run  in  acid 
till  the  change  is  decided  and  further  addition  of  acid  leaves  the 
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liquid  of  the  same  tint.  If  this  is  attended  to,  with  some  prac- 
tice the  soda  combined  with  the  fatty  anhydrides  as  soap  can  be 
titrated  accurately. 

In  a  niixtre  of  soap  and  carbonated  alkali  the  soda  in  each 
can  be  determined  without  filtration  and  more  accurately  than 
when  the  carbonate  is  removed  by  filtration  and  subsequently 
titrated  or  weighed  by  itself.  The  source  of  error  in  this  last 
method  lies  in  the  fact  that  sodium  carbonate  is  somew^hat  soluble 
in  ordinary-  or  aqueous  alcohol  and  passes  into  the  filtrate  with 
the  soap  and  in  the  ordinar>'  analyses  finally  turns  up  and  is 
estimated  as  soda  combined  as  soap.  This  error  is  greater  the 
more  alcohol  there  is  used  and  the  more  water  it  contains.  If 
little  alcohol  be  used  some  soap  is  apt  to  be  left  with  the  sodium 
carbonate,  as  in  washing  powders  the  mixture  of  soap  and  soda 
ash  is  so  intimate  that  complete  solution  of  the  soap  does  not 
take  place  immediately  and  sometimes  long  soaking  in  warm 
alcohol  is  the  best  way  to  effect  solution. 

In  the  method  indicated  below  the  above  objections  do  not 
enter  and  the  total  sodium  carbonate  is  estimated  as  such  and 
the  soda  in  the  soap  determined  as  well. 

Weigh  out  a  few-  grams  of  the  soap  into  a  flask  and  treat  with 
50  to  100  cubic  centimeters  of  neutral  alcohol.  Heat  to  boiling 
to  effect  the  solution  of  most  of  the  soap  at  least  and  then  run 
m  enough  nonnal  hydrochloric  acid  to  more  than  decompose  the 
carbonate  present.  Heat  to  boiling  and  continue  the  boiling  five 
to  ten  minutes  to  completely  expel  all  the  carbon  dioxid.  A 
good  strong  ebullition  is  necessary  to  do  this.  Now  add  some 
phenol-phthalein  to  serve  as  indicator  and  titrate  back  with  sodium 
hydroxid  to  pink  color  with  the  indicator.  In  the  first  opera- 
tion all  the  carbonate  was  decomposed  and  part  of  the  soap,  so 
that  free  fatty  acids  were  present ;  in  the  second  operation  the 
alkali  was  restored  to  the  fatty  acids  leaving  a  neutral  soap  solu- 
tion and  the  difference  between  the  total  amount  of  hydrochloric 
acid  added,  and  the  amount  of  hydrochloric  acid  equivalent  to 
the  sodium  hydroxid  used  in  back  titration  is  a  measure  of  the 
carbonated  alkali.  The  soda  in  the  soap  is  now^  estimated  as 
given  above  by  means  of  standard  hydrochloric  acid  and  blue 
lacmoid  solution  as  indicator.     If  the  combining  weight  of  the 
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fatty  anhydrides  is  known  they  may  be  calculated  from  the  soda 
found  as  soap ;  but  usually  they  are  not  known  accurately  and 
have  to  be  estimated  by  weight.     A  good  method  of  doing  this 
is  to  add  alkali  to  the  above  alcoholic  solution  till  the  free  iatty 
acids  are  again  made  into  soap  and  then  evaporate  off  the  alcohol 
on  a  water  or  steam  bath.     Treat  the  residue  with  hot  water  and 
set  free  the  fatty  acids  with  a  slight  excess  of  standard  hydro- 
chloric acid.     As  soon  as  the  acids  have  run  clear,  cool  the  solu- 
tion, with  constant  agitation  to  break  up  the  solidified  fatty  acids 
into  pieces  about  the  size  of  a  pin-head.     When  perfectly  cold 
the  fatty  acids  are  removed  from  the  solution  of  neutral  salts  by 
filtration  through  paper  or  a  Gooch  crucible.     They  are  washed 
somewhat  with  cold  water  to  remove  soluble  salts  and  ii  they  are 
cold  there  is  no  tendency  to  pass  through  the  paper.     A  Gooch 
crucible  with  a  gentle  suction  is  much  the  best  for  this  purpose. 
Draw  air  through  a  short  time  after  the  washing  to  get  rid  of  all 
the  water  possible  and  then  placing  the  filter  over  a  weighed 
flask,  run  hot  alcohol  (the  stronger  the  better)  upon  the  fatty 
acids.     They  dissolve  and  pass  into  the  flask.     Wash  the  filter 
well  and  to  the  filtrate  add  a  small  amount  of  phenol-phthalein 
and  titrate  to  neutrality  or  slight  alkalinity  with  normal  or  half 
normal  alcoholic  soda  free  from  carbonate.     We  now  have  present 
in  solution  a  neutral  soap  made  from  the  orignal  fatty  acids, 
which  has  not  undergone  heating  or  unneccessary  exposure  to 
air,  and  they  have  not  lost  weight  by  becoming  anhydrides,  as 
sometimes  happens  on  drying  fatty  acids  in  an  oven.     There  is  no 
glycerin  present,  and  all  that  is  wanted  to  determine  the  combining 
weight  of  the  anhydrides  directly  is  to  evaporate  the  soap  solution 
to  dryness  and  weigh.     The  amount  of  soda  present  is  known  and 
the  difference  is  fatty  anhydrides.     This  method  is  more  accurate 
than  weighing  the  fatty  acids  and  multiplying  by  0.97  and  it  is 
certainly  less  liable  to  error.    If  there  were  any  soluble  fatty  acids 
in  the  original  soap  they  may  have  passed  into  th^  filtrate  from  the 
insoluble  acids  and  to  determine  them  the  liquid  is  shaken  wth 
ether,  the  ether  solution  mixed  with  a  little  alcohol  and  phenol- 
phthalein   and  alcoholic  soda   run  in  to  neutrality.    The  soap 
formed  is  evaporated   to  dryness  and  weighed   as  before.    No 
assumption  has  to  be  made  as  to  what  fatty  acid  or  acids  is  present. 
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The  experiments  showing  the  applicability  of  blue  lacmoid 
solution  as  an  indicator  for  titrating  combined  alkali  in  an  alco- 
holic soap  solution  are  given  below.     Solutions  used : 


Hydrochloric  acid  solution. — i  cc.  =0.024938  j^ms.  soda  =0.042608  gms.  sodium  car- 
bonate. This  was  standardized  by  sodium  carbonate,  usingT  phenol-phthaleiu 
as  indicator  in  boiling^  solution.  The  sodium  carbonate  used  contained  99.90^ 
liodiuni  carbonate  as  calculated  from  a  determination  of  carbon  dioxid. 

Sodium  hydroxid  solution  (freed  from  carbonate,  etc.,  by  means  of  Millbn's 
base) — I  cc.=o.62oo  cc.  hydrochloric  acid  solution,  using  phenol-phthalein  as 
indicator  in  cold  or  boiling  solution,  i  cc.^ 0.6217  cc.  hydrochloric  acid  solution 
with  methyl  orange  in  cold  aqueous  solution,  i  cc. =0.6219  cc.  hydrochloric  acid 
solution  -with  blue  lacmoid  in  hot  alcoholic  solution.  These  values  are  for  running 
to  decided  alkaline  reaction. 

Burette  readings  w^ere  all  corrected  for  calibration  errors  and  at 
least  three  minutes  drainage  allowed.  In  all  the  following  tests 
an  unknown  quantity  of  fatty  acids  was  taken  and  made  into  soap 
by  running  in  sodium  hydroxid  solution  to  just  alkaline  reaction 
to  phenol-phthalein,  the  titration  being  in  boiling  hot  alcoholic 
solution.  The  quantity  of  sodium  hydroxid  run  in  was  not 
noticed  till  after  the  titration  with  acid,  so  that  it  should  be  no 
guide  as  to  how  much  acid  would  be  needed ;  also,  in  running 
in  the  acid,  the  burette  was  not  watched,  and  every  care  was 
taken  that  the  result  should  be  wholly  unaffected  by  any  previous 
knowledge  of  quantities. 

The  results  are  expressed  in  terms  of  the  hydrochloric  acid 
solution  as  being  the  simplest  way  of  comparison. 

Expen'meni  No,  /.  About  5  gms.  of  stearic  acid  taken,  dis- 
solved in  100  to  150  cc.  of  neutral  alcohol  and  heated  to  boiling. 
Made  into  soap  by  adding  standard  sodium  hydroxid  solution 
till  just  alkaline  to  phenol-phthalein.  We  now  have  practically 
a  neutral  soap  solution  and  the  soda  combined  as  soap  is  found 
by  titrating  with  hydrochloric  acid,  using  blue  lacmoid  as  indi- 
cator. 

Corrected  Equivalent  in 

reading.  HCl  sol. 

35.22  cc.  21.90  cc. 

21.90  "  21.90  " 

The  exact  amount  of  soda  used  was  found. 
Experimnit  No.  2.     About  i  gm.  of  stearic  acid  taken. 

Burette  Corrected  Equivalent  in 

reading.  reading.  HCl  sol. 

NaOH  used  7.71  cc.  7.70  cc.  4.79  cc. 

HCl  "  4.90  •*  4.87   "  4-87   "* 

Difference.  0.08  cc. 


Burette 

reading 

NaOH  used 

35.23  cc. 

HCl 

21.98  •' 
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Experiment  No.  j.     About  2  gms.  of  palmitic  acid  taken  and 
treated  in  the  same  way. 

Burette  Corrected  Kquivalent  in 

readitifi:.  readinfc-  HCl  sol. 

NaOH  used  14.57  cc.  H.57  cc.  Q.06  cc, 

HCl  "  q.08   "  9.02   *•  g.OT  " 

Difference.  0.04  cc. 

Experiment  Xo,  4,     About  2  gms.  of  a  dark  rosin  taken. 


Burette 
reading. 

Corrected 
readini;. 

Kquivalent  in 
HCl  .sol. 

NaOH  used 

I3.4«  cc. 

13.47  cc. 

8.38  cc. 

HCl 

22  to  30.4  " 

S.3Q   " 

X..W  '• 

Difference. 

o.oi  cc. 

Experiment  A^o.  5.  About  2.5  gms.  of  fatty  acids  from  bleached 
soap  from  cotton-seed  stock. 


Burette 
reading. 

Corrected 
reading. 

Kquivalent  in 
HCl  sol. 

i7-.^9  cc. 
10.93   •■ 

Difference, 

T7.40  cc. 
ro.S6  " 
0.04  cc. 

10.S2  cc. 
IO.K6  •• 

Corrected 
reading- 

Kquivalent  in 
HCl  sol. 

24.S2  cc. 

15.44  cc. 

i.«>.4.>   *• 

i.S.4.^  '* 

NaOH  used 
HCl 

Experiment  Av.  6.  Fatty  acids  from  a  brown  cotton-seed  soap 
giving  as  dark  an  alcoholic  solution  as  is  usually  met  with. 

Burette 
reading. 

NaOH  used  24.81  cc. 

HCl  ••  15.50   •• 

Difference,  o.oi  cc. 

The  exact  amount  of  soda  was  found. 

This  result  is  particularly  satisfactory  as  the  alcoholic  solution 
is  of  quite  a  strong  brown  color,  and  masks  the  indication  with 
phenol-phthalein  to  .some  extent.  The  end  point  with  lacmoid 
was  decided,  and  the  marked  change  in  the  appearance  of  the 
liquid  easily  recognized.  It  was  not  the  bright,  clear  red  as  with 
a  coloress  soap  .solution  but  the  decided  change  in  color  of  tint 
marked  the  end  reaction  clearly. 

Experiment  X'o.  7.  Some  of  the  .same  lot  of  fatty  acids  used 
in  No.  6  was  taken  and  made  into  soap  as  usual  and  then  a 
known  amount  of  .sodium  carbonate  added  by  putting  in  a  meas- 
ured quantity  of  solution. 

Burette  Corrected  Kquivalent  hi 

reading.  reading.  HCl  "^ol. 

NaOH  U'^ul  i<j..jo  CO.  19.42  cc.  i2.o>iCv\ 

(Thi.s  .saponifies  the  fatty  acids.) 

HCl  used  12.30  cc.  12.23  cc.  12.23  cc. 

(More  thnn  enough  to  decompose  the  sodium  carbonate.) 

The  .solution  was  boiled   about  ten  minutes   (best  done  in  an 
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Erlenmeyer  flask)  to  expel  all  carbon  dioxid,   and   then   the 
alkali  restored  to  the  fatty  acids  by  sodium  hydroxid  solution. 

Burette  Corrected  Equivalent  in 

reading.  reading.  HCl  sol. 

NaOH  used  19.42  to  22.22  cc.  2.80  cc.  1.74  cc* 

HCl         •*  12.23  minus  [.74  cc.  10.49  cct 

The  sodium  carbonate  added  was  equivalent  to  10.46  cc. 

Difference,  0.03  cc. 

The  soda  combined  as  soap  was  next  determined. 

Burette  Corrected  Equivalent  of 

reading.  reading.  NaOH  sol. 

lie  1  used  12.20  cc.  12.13  cc.  la.ofi  cc. 

Difference.  0.05  cc. 

These  results  are  about  as  good  as  could  be  desired. 

Experiment  No.  <?.  Determination  of  soda  combined  as  soap 
in  a  commercial  sample  whose  approximate  composition  was 
known.  Soap  taken,  5.7373  gms.  Dissolved  in  large  volume 
of  neutral  alcohol  and  added  some  phenol-phethalein  as  indicator. 
There  was  no  alkaline  reaction  on  boiling  (this  is  necessary  to 
decompose  any  bicarbonate  which  would  give  us  indication  with 
phenol-phthalem)  and  so  caustic  and  carbonate  or  bicarbonate 
must  be  absent.  Added  blue  lacmoid  solution  and  proceeded 
with  the  titration  in  the  boiling  hot  solution.  (The  indication 
appears  better  in  a  hot  solution.) 

Burette  Corrected 

reading.  reading. 

HCl  used  12.14  cc.  12.07  cc. 

Equivalent  to  0.37834  gms.  of  soda  =  6.59*4  of  the  soap. 

To  check  this  result  5.494  gms.  of  the  soap  were  ignited  in  a 
platinum  dish  and  the  residue  of  sodium  carbonate  titrated. 

Burette  Corrected 

reading.  reading. 

I{sS04  11.63  cc.  11.60  cc. 

Equivalent  to  0.3631 1  gms.  of  soda  =6.6i4  of  the  soap. 

Result  by  direct  titration  6.59^  of  soda. 

*'  ignition  and  titration  6.61^,    ' 

Difference,  o.o2?( — a  close  check. 

In  conclusion,  I  would  say  that  while  this  process  may  not  be 
used  in  all  cases,  it  will  be  found  of  great  convenience  in  many. 

*  Being  the  excess  used. 

t  Due  to  the  sodium  carbonate. 


CONCERNING  THE  CONSTANT  TO  BE  USED  IN 
CLERGET'S  INVERSION  PROCESS. 

To  THE  Editor  of  The  Journal  of  Analytical  and 
Applied  Chemistry: 

In  the  May  number  of  your  excellent  journal,  Mr.  Theodor 
Breyer,  of  the  firm  of  Breyer  and  Schweitzer,  New  York,  in 
animadverting  upon  the  action  of  the  Association  of  Official 
Agricultural  Chemists  at  its  last  meeting  with  regard  to  the 
constant  to  be  employed  in  connection  with  Clerget*s  method  of 
inversion,  also  took  occasion  to  criticise  a  report  on  methods  of 
sugar  analysis  issued  by  the  Louisiana  Sugar  Chemists*  Associa- 
tion nearl>'  three  years  since. 

Being  one  of  those  whom  Mr.  Breyer  has  seen  fit  to  designate 
''sugar  polarizators, * '  and  having  been  chairman  of  the  com- 
mittee which  prepared  this  report,  I  ask  space  in  your  journal  to 
reply  to  some  of  his  criticisms. 

His  letter  to  The  Sugar  Cane  of  March,  1890,  had  not  been 
previously  brought  to  my  notice,  nor  was  I  aware  that  the  report 
referred  to  had  appeared  in  the  January  number  of  the  same 
journal,  though  it  was  reprinted  in  a  number  of  other  periodicals 
about  that  time. 

The  Report  071   Methods  of  Sugar  Analysis  of  the   Louisiana 

Sugar  Chemists'  Association  was  prepared  by  a  committee  of  that 

Association  for  the  direction  and  guidance  of  chemists  engaged 

in  the  chemical  control  of  sugar  houses  in  Louisiana,  and  the 

work  of  the  committee  was  confined  chiefly  to  the  investigation 

of  methods  then  generally  in  use  among  the  sugar  chemists  in 

this  state. 

In  the  first  few  lines  of  that  report  it  was  stated  that  this  work 

was  undertaken  ' '  with  a  view  to  the  improvement  of  the  present 

methods  of  sugar  analysis  and  the  elimination  of  errors  in  the 

processes  now  employed  in  the  determination  of  the  constituents 

of  cane  juices,  syrups,  molasses,  etc." 

The  methods  referred  to  as  being  employed  at  that  time  in 

the  analy.sis  of  sugar  products  were  chiefly   those   of  Tucker 

{^Manual  of  Sugar  Analysis) ,  and  the  inversion  process,  as  therein 

given,  was  the  one  generally  followed  by  chemists,  where  double 
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polarization  was  resorted  to.  Although  this  was  termed  Clerget's 
process,  it  differed,  like  many  other  modifications  of  the  method, 
(which,  nevertheless,  bear  Clerget*s  name),  somewhat  in  details 
ironi  the  method  as  originally  carried  out  by  Clerget  himself. 

This  process  is  included  in  the  methods  of  analysis  given  in 
the  pamphlet  referred  to,  and  provided  that  the  sample,  after 
addition  of  the  acid,  should  be  heated  in  a  water  bath  at  68°-75°  C. 
for  a  period  of  fifteen  minutes.  It  will  be  observed  that  a  range 
of  several  degrees  of  temperature  above  68°  C.  is  permitted,  while 
the  time  of  heating  is  somewhat  longer  than  is  prescribed  in 
Clerget's  method  as  originally  executed.  In  connection  with  this 
method  as  described  in  the  pamphlet  above  alluded  to,  it  was 
recommended  that  **in  calculating  the  true  per  cent,  of  sucrose 
from  the  data  thus  obtained  \i.  c,  by  the  use  of  the  method  just 
described]  instead  of  Clerget's  original  constant  of  144,  the  re- 
vised figure  of  142.4  should  be  used." 

The  object  of  the  experiments  of  the  committee  as  stated  at 
a  meeting  of  the  Association  and  as  reported  in  the  Louisiana 
Pia7iter,  was  not  to  attempt  to  prove  or  disprove  the  correctness 
of  the  number  144  as  used  in  connection  with  Clerget's  original 
method,  but  to  determine  what  figure  should  be  used  in  conjunc- 
tion with  the  method  then  generally  employed. 

It  is  a  fact  well  known  to  those  who  have  had  occasion  to  make 
numerous  experimental  inversion  tests,  that  the  rotar>^  power  of 
invert  sugar  solutions  is  much  affected  by  the  degree  of  heat  em- 
plo3'ed  in  inversion  and  the  length  of  time  for  which  the  heat  is 
continued,  and  at  a  given  temperature  the  invert  reading  is  found 
to  decrease  in  quite  a  marked  ratio  the  longer  the  heat  is  main- 
tained after  inversion  is  effected.  A  large  number  of  tests  which 
I  have  made  show  even  higher  readings  than  those  obtained  by 
Clerget,  when  the  solution  has  been  kept  at  68°  C.  for  from  two 
to  four  minutes  only,  but  the  longer  the  heat  was  continued,  the 
lower  became  the  reading. 

While  Gubbe  and  others,  as  Mr.  Breyer  states,  have  shown 
that  the  degree  of  concentration  of  an  invert  sugar  solution  in- 
fluences quite  appreciably  its  rotary  power,  A.  Wohl  i^Ber,  d. 
chem.  Ges,,  28,  2084)  shows  that  with  a  relatively  larger  propor- 
tion of  acid  employed  in  inversion,  the  left  handed  reading  of 
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the  solution  is  decreased  instead  of  being  increased,  and  the 
greater  the  length  of  time  the  heat  is  maintained,  the  lower  be- 
comes the  reading.  So  the  value  of  the  constant  to  be  used  in 
calculating  the  results  of  inversion  tests  is  largely  dependent  upon 
the  temperature  employed  and  length  of  time  of  digestion  of  the 
solution. 

The  results  reported  in  the  pamphlet  referred  to  were  secured 
by  myself,  with  the  co-operation  of  two  chemists  who  had  had  con- 
siderable experience  in  sugar  analysis  as  well  as  in  other  brauche*> 
of  chemical  work,  and  I  have  since  made  manv  tests  which  cor- 
roborate  these  results,  the  process  in  each  case  being  carried  out 
in  the  manner  described  above. 

In  recommending  the  change  from  144  to  142.4,  the  reporter. 
Dr.  Stubbs,  did  not  intend,  so  I  understand,  that  the  time  of 
heating  in  inversion  should  remain  at  ten  minutes  as  in  the  orig- 
inal Clerget  method,  but  that  the  time  employed  should  be  fifteen 
minutes  as  in  the  method  published  in  the  proceedings  of  i88y. 
and  as  in  the  elective  methods  given  in  the  proceedings  of  1S90. 
the  omission  of  the  correction  as  to  time  of  heating  being  merely 
through  inadvertence. 

Dr.  Stubbs'  report  to  the  Association  in  1888  on  methods  0: 
sugar  analysis  with  the  references  therein  given,  and  the  large 
amount  of  work  done  under  his  direction  in  the  laboratories  of 
the  experiment  stations  of  this  state  in  the  investigation  of  this 
ver\'  subject,  constitute  a  sufficient  refutation  of  the  charge  of 
lack  of  knowledge  of  the  chemical  literature  and  of  the  facts 
bearing  upon  this  question. 

As  to  the  low  reading  of  the  nonnal  sucrose  solution  at  4^  C. 
I  W'ill  say  that  I  had  at  hand  the  very  references  of  which  Mr. 
Breyer  speaks  at  the  time  this  work  was  being  done,  and  wa.^ 
fully  aware  of  the  results  of  the  experiments  of  other  chemist^. 
The  results  were  stated  as  noted  accurately  by  three  obser>ers ot 
experience  in  polariscopic  work  and  were  merely  mentioned  inci- 
dentally, along  with  other  data  secured,  and  not  with  the  inten- 
tion of  advancing  a  new  theory  or  opinion  with  regard  to  the 
polarization  of  sucrose  solutions  at  low  temperatures. 

In  conclusion,  I  would  say  that  although  Mr.  Breyer  states 
that  it  is  surprising  that  after   this   publication  [his  letter  to 
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The  Sugar  Cane'}  such  a  method  should  be  proposed  and  accepted 
as  a  standard,"  nevertheless  we  find  that  Sidersky  in  his  volumi- 
nous work  (Traits  d'  Analyse  des  Matiferes  Sucr^es,  Paris,  1890) 
incorporated  in  full  the  table  for  the  calculation  of  double  polari- 
zation results  as  published  in  the  report  of  the  committee  above 
referred  to.  We  find  also  that  Spencer  in  his  Hand  Book  recom- 
mends the  use  of  the  constant  of  Wohl  (142.7).  Babington 
i^Anaiysi,  October,  189 1)  speaks  of  employing  the  same  number, 
while  Weichmann  endorses  the  constant  of  Hertzfeldt  (142.66) ; 
so  that  the  substitution  of  a  new  constant  for  the  144  of  Clerget 
is  not  a  new  departure,  especially  where  somewhat  different  con- 
ditions obtain.  At  any  rate  it  is  at  least  certain  that  **all  the 
chemists  in  the  sugar  industry*'  do  not  use  Clerget's  original 
fonnula,  as  Mr.  Breyer  would  have  the  readers  of  your  journal 
infer. 

Very  respectfully, 

B.  B.  Ross. 

Chbmicai^  I,aboratory,  State  University, 
Baton  Rouge,  1,a.,  July  18, 1892. 


POTASSIUM  TETROXALATE  AS  A  STANDARD  IN 
ACIDIMETRY  AND  ALKALIMETRY.* 

By  Bertrand  C.  Hi n man. 

Tetroxalate  of  potassium,  (KHC,0„  H,C,0„  2H,0),  was 
originally  proposed  for  this  purpose  by  Ulbricht  and  Meissl, 
Phami.  Centrh,  [N.  F.],  6,  198,  and  commended  by  Kissling, 
in  the  Zts,  f,  angew,  Chem,,  1889,  332. 

At  the  1890  meeting  of  the  Association  of  Ofiicial  Agricultural 
Chemists  {Eighth  Annual  Report^  p.  24)  it  was  adopted  as  the 
alternate  substance  for  standardizing.  At  the  meeting  of  1891 
{Ninth  Annual  Report^  pp.  131  and  153)  it  was  the  subject  of 
considerable  argument  but  was  retained  as  the  alternate  for 
another  year. 

An  investigation  has  been  made  of  the  properties  of  the  salt 
with  a  view  of  determining  its  availability  for  this  purpose. 

The  requisites  for  a  substance  to  be  used  for  standardizing  are 
that   it   should   be   easily  obtained   pure,  of  definite  chemical 

•  School  of  Mines  Quarterly,  July.  1H92. 
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composition »  that  it  should  remain  unaltered  in  the  air,  and  read 
sharply  with  indicators. 

Potassium  tetroxalate  is  soluble  in  forty  parts  of  cold»  and  in 
six  parts  of  boiling  water  (Storer,  Die.  Sol.,  p.  428). 

Ignition  converts  it  to  K.CO,,  so  it  would  seem  to  be  valuable 
for  standardizing  both  acid  and  alkaline  solutions. 

The  formula  given  requires : 

(H„0=  14-173  per  cent.) 
Equivalent  to  H,C,0,  =  70.866  per  cent. 
Equivalent  to  K^CO^^  27.165  per  cent. 
It  may  be  prepared  by  uniting  solutions  containing  proper  pro- 
portions of  K,C,0„2H,0,  and  H,C,0„2H,0,  crystallizing  out 
and  purifying  by  recrystallization.     Three  repetitions  are  said  to 
be  amply  sufficient  to  produce  a  pure  substance. 

This  method  was  followed,  and  an  examination  made  of  three 
lots  of  the  salt, — that  crystallized  four  times,  a  mixture  of  that 
crystallized  twice  and  thrice,  and  the  crystals  obtained  from  a 
concentration  of  the  mother  liquor. 

Determinations  of  the  oxalic  acid  in  these  samples  were  made 
by  precipitation  as  CaC^O,,  weighing  as  CaSO,,  and  by  titration 
with  KOH  standardized  by  the  usual  method. 

The  results  were  as  follows : 


Sampi.k 


Method. 


I   Telroxa- 
ilate  taken 


I 


CaSO^ 
found. 


HaCnO^ 
equivalent. 


H,C,0. 
per  cent 


Cry.st.  4  times I  (Irav. 

»•            »•                                      .  >• 

»•           ••  ki 

Vol.    KOH. 

Cryst.  •?  and  5  times ' 

••                               •!                              ..  ,, 

Cryst.  from  motJier  liquors...  ' 


0.758^ 

0.6225 
0.5296 
0.6S2I 
0.8105 

o.457*< 
0.39^1 


Q|H224 

O.6112 
0-6759 


0.54423 

71003 

0.39712 

71.837 

0.44729 

7r.«q 

0.3KIO 

71.94 

0.4920 

7i-n 

0.5S50 

72.1: 

o..\^6o     ; 

'IV* 

o.a«6S 

73-'5 

0.2592 

7.V« 

The  salt  was  al.so  tried  by  standard  permanganate  and  gave 
results  too  high .  All  the  samples  analyzed  are  too  acid  by  a  little 
over  one  per  cent.,  and  the  fewer  the  number  of  recrystallizatioiis 
the  greater  is  the  excess  of  acid. 

The  mixed  sample  crystallized  two  and  three  times  was  again 
recrystallized  three  times  and  tested  with  the  standard  KOH. 
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The  percentage  of  oxalic  acid  was  73.32 ;  apparently  no  change 
in  composition  had  taken  place. 

An  effort  was  made  to  detennine  the  water  of  crystallization  by 
heating  the  substance  in  an  air-bath  at  given  temperatures  for 
specific  times. 

The  following  results  were  obtained : 


Samplk. 


Cryst.  4  times. 


Cry  St.  3  and  3  timeii. 

Cr>*»t.  4  times 

CryhU  3  and  3  time.s. 


Time  of 

heating,  in 

hours. 

Temp. 

•c. 

Weight 
taken. 

I^ss. 

Per  cent, 
of  loss. 

3i 

80 

1.0433 

0.1483 

14.214 

3i 

100 

1.0433 

0.1504 

14416 

3i 

128 

1.0*33 

0,1656 

15.783 

6 

138 

1.0090 

O.I69I 

16.758 

9 

128 

1.0090 

0.1740 

17.240 

II 

128 

1.0090 

0.1789 

17.730 

3 

95 

0.7527 

0.0980 

i3.oao 

34 

So 

1.3680 

0.1768 

13.936 

3 

100 

0.7527 

O.I 103 

14.680 

34 

100 

1.3680 

0. 1833 

14-377 

3i 

138     160 

1.3680 

0.3348 

18.510 

6 

128 

1.0682 

0.1683 

15.755 

Q 

126 

1.0683 

0.1749 

16.374 

II 

138 

1.0683 

0.1789 

16.738 

These  figures  do  not  show  a  satisfactory  result,  and  indicate 
that  the  combined  water  cannot  be  determined  by  heating. 

Evidently  a  temperature  of  over  loo  C.  causes  a  decomposition, 
for  in  every  instance  at  that  temperature  the  salt  lost  more  than 
its  theoretical  percentage  of  water  of  crystallization,  and  at  some- 
what higher  temperatures  the  loss  was  considerable,  and  at  a 
constant  temperature  increased  with  the  time. 

This  phenomenon  was  easily  perceptible  at  128°  C,  at  which 
temperature  Bomtrager  {Fres,  Zts.,  81,  43)  says  the  salt  must 
be  heated  to  insure  perfect  drying. 

Yet  in  these  experiments  it  was  found  that  eleven  hours*  heating 
at  this  temperature  caused  a  loss  of  over  3.5  per  cent,  more  than 
the  theory  for  water.  It  is  thus  evident  that  the  salt  cannot  be 
heated  to  this  temperature  without  suffering  decomposition. 

Ill  order  to  determine  whether  the  apparent  excess  of  water 
might  be  due  to  hygroscopic  moisture,  and  whether  or  not  the 
salt  was  efflorescent,  a  weighed  portion  in  a  tared  dish  was 
moistened  with  a  few  drops  of  distilled  water  and  set  aside  in  a 
desiccator  over  concentrated  sulfuric  acid.     After  this  treatment, 
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if  the  dish  with  its  contents  should  weigh  less  than  it  did  before 
wetting,  it  would  indicate  either  that  the  salt  was  non-efflorescent, 
and  contained  hygroscopic  moisture,  or  that  it  was  drv*.  but 
would  effloresce  in  dry  air.  But  the  dish  rapidly  regained  its 
original  weight,  and  remained  persistently  at  that  point  for  three 
days,  at  the  end  of  which  time  the  observations  were  discontinued. 
Apparently,  then,  the  salt  was  dry  and  was  non-efflorescent. 

From  the  results  of  the  determinations  of  the  equivalent  oxalic 
acid,  it  would  be  expected  if  the  water  was  out  of  proportion  that 
it  would  be  low,  but  experiment  has  shown  that  the  equivalent 
oxalic  acid  and  water  are  both  high. 

As  a  matter  of  fact,  not  much  faith  is  to  be  placed  in  the 
water  determinations,  for  the  experiments  reasonably  justify  the 
belief  that  the  estimation  of  the  water  of  cr>\stallization  cannot 
be  accuratelj'  made  by  determining  the  loss  on  heating. 

The  ignition  of  several  samples  of  the  salt,  weighing  and 
titrating  the  resulting  K^COj  with  sulfuric  acid  (standardized  by 
sodium  carbonate),  using  methyl  orange  as  an  indicator,  gave 
the  following  results  : 


Samplk. 

Cry  St.  4  times 

Cryst.  2  and  3  time.s 


Weight 
i     taken. 


KjCOj  by  I  KgCOa  per  '  K,CO,  by  ,  KjCOj  per 
weifi^ht.  cent.  titration.         ccuL 


1 

1.0433 

0.2817 

27.000 

1.0090 

0.2717 

26.927 

1.2680 

0.34.^0 

27.050 

I.C6K2 

0.2.S90 

27.083  1 

0.2774 
0.2732 

o.340q 
0.2863 


36  5hS 

26.Si4 
26.JV3; 


The  average  of  the  percentages  obtained  bj'  weighing  is  27.015' 
and  by  titration,  26.838. 

These  figures  coinciding  quite  closely  with  the  theoretical,  and 
the  acid  being  high,  indicates  a  curious  balancing  between  acid 
and  water.  For  if  the  K,0  be  correct  and  the  acid  high,  then 
the  water  must  be  low.  But  as  the  water  determinations  could 
not  be  satisfactorily  made  by  the  method  tried,  this  conclusion  is 
unverified. 

These  results  being  so  far  at  variance  with  theory,  another 
sample  of  the  substance  was  ver>'  carefully  prepared  in  the  same 
manner  as  the  first  and  tested  as  before.  As  usual,  the  purified 
ialt   after   being   filtered  from   the   mother  liquor  was  pressed 
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between  filter  paper  to  remove  the  superfluous  moisture,  and  then 
spread  out  on  fresh  paper  in  a  layer  not  over  a  quarter  of  an  inch 
thick  and  left  to  dry  for  three  days. 

In  order  to  determine  whether  all  the  hygroscopic  moisture 
had  been  removed  by  this  treatment »  a  weighed  portion  of  the 
material  thus  dried  wa^  placed  in  a  tared  dish,  and  allowed  to 
remain  in  a  desiccator  over  sulfuric  acid  for  three  days.  The 
less  was  0.72S  per  cent.  At  the  end  of  six  days  it  was  1.23  per 
cent.,  and  a  week  later,  or  after  having  been  in  the  desiccator  for 
about  two  weeks,  the  loss  amounted  to  3.58  per  cent.  At  the 
end  of  eight  weeks  there  was  a  loss  of  11. 41  per  cent.  The 
cr>^stals  had  by  this  time  assumed  an  opaque  appearance,  and 
cffloresence  was  clearly  taking  place. 

Therefore  it  is  clear  that  by  this  procedure  a  determination 
of  the  hygroscopic  moisture  is  impossible,  for  the  salt  effloresces, 
and,  moreover,  the  experiment  seems  to  show  a  contradiction  to 
the  observation  deduced  from  a  previous  experiment  made  under 
conditions  almost  similar,  when  the  tetroxalate  refused  to  part 
with  any  of  its  water  of  crystallization  in  a  desiccator  over  sul- 
furic acid.  The  onlj'  difference  between  the  two  experiments 
was  that  the  samples  of  salt  operated  upon  were  produced  at 
different  times,  though  the  effort  was  in  the  second  preparation 
to  duplicate  the  method  employed  in  the  first. 

This  second  preparation  lost,  upon  heating  for  three  hours  at 
ICO*"  C,  14.370  per  cent.,  but  upon  standing  under  a  bell  glass 
for  several  days  it  gained  i  .466  per  cent,  of  water  from  the  air. 
Thus  when  the  salt  is  nearly  anhydrous  it  is  deliquescent,  and 
when  containing  its  full  amount  of  water  of  cr>'stallization  its 
tendency  is  to  effloresce. 

An  average  of  three  titrations  of  this  second  preparation  with 
jV  KOH  gave  an  equivalent  of  73.88  per  cent,  of  oxalic  acid, 
which  is  two  per  cent  more  than  was  found  in  the  first  sample, 
and  three  per  cent,  more  than  theor}'^  calls  for.  Upon  ignition, 
there  was  left  a  residue  of  K.^CO,  amounting  to  27.131  per  cent., 
which  is  almost  precisely  the  theoretical.  Careful  tests  for  bases 
other  than  potassa  gave  negative  results. 

In  the  use  of  indicators  for  determining  the  end  reaction  in 
these  titrations,  there  seems  to  be  some  doubt  as  to  which  of  the 
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many  in  use  is  the  best.  The  Association  of  Official  Agricultural 
Chemists  recommends  methyl  orange,  although  it  is  generally 
accepted  that  it  does  not  react  sharply  with  organic  acids,  and 
upon  trial  the  results  were  very  uncertain.  Phenol-phtlialein 
works  perfectly,  and  is  certainly  the  best  indicator  for  this  pur- 
pose which  is  available,  although  litmus  properly  prepared  is 
said  to  give  good  results.  Coralline,  or  rosolic  acid,  cochineal,  or 
carminic  acid,  and  congo  red,  are  of  no  value  at  all  as  indicators 
with  oxalic  acid. 

As  a  result  of  these  experiments  it  is  clear  that  tetroxalate  of 
potassium,  as  prepared  by  the  directions  of  those  who  advocate 
its  use,  is  not  a  substance  of  constant  composition.  The  varia- 
tions from  the  theoretical  figures  are  so  great  as  to  entirely  pre- 
clude its  use  as  an  agent  for  .standardizing  solutions  for  volumetric 
analysis.  This  conclusion  is  justified  by  the  preceding  experi- 
ments, and  finds  verification  by  many  who  have  investigated  the 
subject. 

In  this  connection  may  be  quoted  the  remarks  of  Mr.  William 
Frear  on  page  131  of  the  Pi'occedhigs  of  the  Eighth  Annual  Con- 
vention of  the  Assoeiation  of  Official  Agricultural  Chemists,  where 
he  says :  ' '  The  method  by  tetroxalate  of  potash  was  not  employed 
because  it  was  found  impossible  to  get  a  perfectly  satisfacton' 
salt,  and  because  in  our  experience,  even  with  di-methyl-anilin 
orange  as  an  indicator,  it  was  not  possible  to  get  a  perfectly  sharp 
end  reaction.  A  tetroxalate  prepared  under  my  direction  last 
year  by  Dr.  McDonnell,  by  dissolving  together  the  molecular 
proportions  of  chemically  pure  acid  potassium  oxalate  and  pure 
oxalic  acid,  gave,  after  the  fourth  cr>'Stallization,  results  showing 
it  to  possess  an  acidity  i .  1 7  per  cent,  greater  than  that  sent  out  by 
Dr.  Caldwell  for  comparison  of  standards,  and  which  both  the 
latter  and  Mr.  Scovell  stated  to  agree  exactly  in  strength  with 
their  acids  standardized  with  AgNO^.  Another  sample  obtained 
from  Baker  and  Adamson,  when  precipitated  as  CaC,0,  and 
weighed  as  CaO,  gave  only  96.51  per  cent,  of  the  calculated 
amount  of  the  latter  oxid  as  a  mean  of  three  closely  concordant 
determinations.*' 

Further  confirmation  is  found  in  the  experiments  of  Mr.  F.  C 
Wells  (Jour NAT.  of  Analytical  and  Applied  Chemistrv. 
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6,  192),  who  says,  '  *  Tetroxalate  of  potassium  possesses  all  the 
disadvantages  that  pertain  to  all  the  above  mentioned  reagents. 
It  is  harder  to  purify  than  soda,  and  it  weathers  as  readily  as 
oxalic  acid.*' 

It  is  evident  then  that  the  salt  is  indefinite  in  character,  uncer- 
tain in  quality,  and  cannot  be  prepared,  by  the  methods  given, 
of  such  purity  as  to  be  of  service  for  the  purpose  for  which  it  is 
recommended. 


THE  ASSAY  OF  TIN.* 

By  Kdmund  H.  Miller,  Ph.B..  A.  M. 

* 

The  work  described  in  this  article  was  undertaken  for  the  pur- 
pose of  ascertaining  the  best  methods  of  assaying  tin  ores  and 
also  to  compare  the  results  obtained  by  the  numerous  different 
methods  on  the  same  ore.  In  order  to  have  a  check  on  the  assays 
it  was  necessary  to  have  an  accurate  analysis  of  the  ore ;  to  be 
certain  of  which,  the  various  methods  of  analysis  were  tried  and 
then  duplicates  were  run  on  the  one  which  seemed  best,  and  the 
average  of  these  results  was  taken  as  representing  the  true 
amount  of  tin  in  the  ore.     This  figure  was  65.62  per  cent. 

The  assay  of  tin  ore  is  in  reality  the  assay  of  cassiterite,  for 
the  other  minerals  containing  tin  are  too  rare  to  be  of  economic 
importance. 

The  ore  was  stream  tin  from  Durango,  Mexico,  contained  some 
topaz  and  8.26  per  cent,  of  oxid  of  iron.  The  ore  was  ground 
to  80- mesh,  then  very  thoroughly  mixed  and  sampled  for 
analysis. 

I.  The  Analyses. 

The  first  method  of  analysis  tried  was  the  reduction  by  hydro- 
gen in  a  Rose  crucible. t  One  gram  of  finely  ground  stream  tin 
was  placed  in  a  small  porcelain  crucible  and  heated  red-hot  for 
four  hours  while  a  current  of  hydrogen  w^as  introduced  through 
the  top  of  the  crucible.  The  residue  was  treated  with  concen- 
trated hydrochloric  acid,  tranferred  to  a  beaker,  boiled,  then 
diluted  and  filtered. — Residue  A. 

•  School  of  Mines  Quarterly,  July,  i>S92, 
t  Crook fs*  Sfieci  Methods,  p.  406. 
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The  filtrate  was  neutralized  with  ammonia  and  the  precipitate 
dissolved  in  a  little  sulfuric  acid,  so  that  the  solution  was  slightly 
acid,  then  the  tin  was  precipitated  by  hydrogen  sulfid  as  dark 
brown  SnS,  — the  precipitation  was  done  in  the  cold  and  was 
found  to  be  complete ;  the  precipitate  was  filtered  and  washed 
with  a  dilute  solution  of  ammonium  chlorid,  ignited  and  weighed 
as  SnO,,  after  treatment  with  nitric  acid. 

Residue  A  was  dried,  burned  and  heated  as  before  in  a  current 
of  hydrogen  for  one  hour,  then  treated  with  concentrated  hydro- 
chloric acid,  diluted,  filtered,  etc.,  and  saturated  with  hydrogen 
sulfid, — the  precipitate  which  formed  was  kept  separate  from  the 
first  and  was  washed,  dried,  roasted,  and  weighed. 

As  the  amount  of  tin  obtained  by  the  second  reduction  was 
very  considerable,  a  third  treatment  was  made  on  the  residue 
from  the  second  reduction.  As  a  result,  a  little  more  tin  was 
obtained.  A  fourth  treatment  showed  that  all  the  tin  had  been 
removed  that  was  possible  under  these  conditions.  Results  were 
as  follows : 

SnO,. 
Residue  A,  weight 0.4690 

B.  "       0.1840 

C,  .   *•       0.0325 

Total  percentajfe  SnOg,  68.55. 
FJquivalent  to  53.S8  per  cent.  tin. 

These  results  were  so  unsatisfactor>'  that  the  method  was  not 
investigated  further. 

Reduction  by  means  of  granulated  zinc*  and  hydrochloric  acid 
was  also  tried,  but  without  success,  owing  possibly  to  the  omission 
of  a  piece  of  platinum  foil  which  is  claimed  to  greatly  assist  in 
the  efficiency  of  the  reduction. 

The  next  method  was  that  recommended  by  Rose.t 

One  gram  of  the  ore  was  mixed  with  three  grams  of  sulfur  and 
three  grams  of  carbonate  of  soda  and  fused  for  one  hour  and  a 
half  in  a  porcelain  crucible;  the  mass  was  then  treafed  with 
water  when  almost  all  dissolved  to  a  very  dark  g^een  solution: 
the  residue  consisted  of  iron  sulfid,  silica  and  undecomposed 
stream  tin.     The  solution  was  filtered  and  the  filtrate  diluted 

•  Wells,  School  of  Mines  Quatieffv.  la,  295. 
t  Quant.  Anal.,  p.  393. 
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and  acidified  with  sulfuric  acid,  which  produced  a  copious  yellow 
precipitate  of  stannic  sulfid,  SnS.^;  this  was  filtered,  washed  wath 
hot  water,  dried,  roasted  with  ammonium  carbonate  and  then 
treated  with  nitric  acid  and  weighed  as  SnO,. 

The  residue  was  treated  with  hydrochloric  acid  to  remove  the 
iron  sulfid,  then  burned,  mixed  with  carbonate  of  soda  and  sulfur 
and  re-treated ;  the  mass  was  treated  with  water  as  before,  and 
precipitate  of  SnS,  was  obtained ;  a  third  fusion  gave  no  more 
tin.     Results  were  as  follows: 

SnO,. 

First  fusion  weight 0.7958 

Second  fusion  weight 0.0360 

Total  fusion  weight, 0.831S 

Equivalent  to  tin 0.6569 

This  method  was  next  tried,  using  with  one  gram  of  the  ore 
five  grams  of  sulfur  and  five  of  soda ;  the  object  was  to  see  if  by 
increasing  the  amount  of  flux  the  second  fusion  could  be  avoided. 
The  tin  sulfid  was  also  redissolved  in  ammonium  sulfid  as  it  was 
found  some  iron  sulfid  was  dissolved  by  the  sodium  sulfid  solution. 

This  method  gave  0.7676  gm.  of  tin  oxid. 

The  above  method  (redissolving  the  SnS,),  was  then  tried, 
but  with  Roses  proportions  of  flux,  having  first  ground  the  ore 
as  fine  as  possible  in  an  agate  mortar.  The  result  was  o.  7662  gm. 
of  tin  oxid,  which  seemed  to  check  the  previous  method  very 
well,  but  to  make  sure  that  all  the  tin  w^as  out  of  the  residue,  it 
was  treated  again  and  0.0716  gm.  more  SnO,  obtained,  giving 
a  total  of  0.8378.  This  result  is  nearly  that  obtained  by  the  first 
trial  and  goes  to  show  that  all  the  tin  in  cassiterite  cannot  be 
decomposed  by  one  fusion. 

The  third  method  tried  was  fusion  w^ith  acid  potassium  fluorid ; 
one  gram  of  the  ore  was  mixed  with  five  grams  of  acid  potassium 
iiuorid  and  fused  at  a  bright  red  heat  in  a  platinum  crucible  for 
twenty  minutes;  the  mass  melted  very  readily,  and  the  fusion 
was  as  clear  as  water.  After  cooling  it  was  removed  from  the 
crucible  and  boiled  with  hydrochloric  acid;  the  acid  did  not 
attack  the  cake  easily,  and  some  time  was  spent  in  getting  it 
into  solution ;  it  was  then  filtered.  Attempts  were  made  to  pre- 
cipitate the  tin  as  oxid  in  this  filtrate  by  boiling  with  sulfuric 
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and  with  nitric  acid,  but  were  unsuccessful ;  the  filtrate  was  then 
made  acid  with  acetic  acid  and  the  tin  precipitated  by  hydrogen 
sulfid ;  the  precipitate  was  black  and  contained  iron ;  this  was 
filtered,  treated  with  strong  ammonium  sulfid  and  the  sulfid  of 
tin  precipitated  from  the  double  sulfid  solution  by  neutralizing 
with  sulfuric  acid;  the  yellow  stannic  sulfid  so  obtained  was 
filtered,  washed,  dried,  roasted,  treated  with  nitric  acid,  and 
weighed  as  oxid  of  tin;  weight,  0.7970  grams. 

This  method  was  tried  again,  the  fusion  being  kept  up  for  over 
one  hour ;  the  mass  was  partially  dissolved  by  water,  which 
attacked  it  more  quickly  than  hydrochloric  acid,  then  boiled  with 
hydrochloric  acid  to  dissolve  the  iron.  After  filtering,  the  solu- 
tion was  made  alkaline  with  ammonia,  and  then  acid  with  sulfuric 
and  saturated  with  hydrogen  sulfid ;  the  precipitate  was  treated 
as  before;  weight  of  SnO„  0.7688  grams. 

This  method  was  a  third  time  tried  and  the  residue  re-treated : 
this  showed  that  all  the  cassiterite  was  not  decomposed  by  one 
fusion. 

The  results  by  this  method  did  not  compare  at  all  favorably  with 
those  from  the  fusion  with  carbonate  of  soda  and  sulfur,  because 
it  required  repeated  fusions  to  decompose  the  ore,  involving  a 
loss  of  tin  on  account  of  the  volatility  of  the  fluorid. 

A  modification  of  Rose's  method*  was  next  tried,  using  carbonate 
of  potash  instead  of  carbonate  of  soda ;  one  gram  of  the  ore  was 
mixed  with  3  grams  of  K^CO,  and  3  grams  of  sulfur  and  fused 
for  forty-five  minutes  in  a  porcelain  crucible ;  the  mass  was  dis- 
solved in  water  and  gave  a  yellow  solution  free  from  iron  sulfid. 
instead  of  the  dark  green  solution  from  the  soda  and  sulfur 
fusion ;  the  rest  of  the  operation  was  conducted  as  before,  the 
residues  being  ground  fine  in  an  agate  mortar  each  time  and 
re-treated.     Results  were  as  follows: 

SiiO«. 

First  fusion  weight, 0.4751 

Second  fusion  weijfht, 0.2555 

Third  •  "        0.0923 

Fourth       "  '•        o.oioo 

Tota  1 o.  8330 

Percentajfc  of  SnOj.  83.30;  tin.  65.53. 

♦  Dry  Assay  0/  Tin  Chrs.  H.  O.  Hofman,  Triifts.  A.  I.  ME.,  1889.  x8,  11. 
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I  consider  this  method  upon  the  whole  the  most  accurate  and 
satisfactor\',  aUhough  it  is  not  a  rapid  one. 

COMPARISON  OP  RESULTS. 

SnO,.  Sii. 

1  Rose  crucible  hydrogen 6S.55  53.88 

2  Na^COa  and  S  residue  re-treated, 83.18  65-43 

3  Na^COj  and  S  residue  not  re-treated 76.76  60.32 

4  NajCO,  and  S  residue  not  re-treated 76.62  60.27 

5  XajCOs  and  S  residue  re-treated 83,78  65.90 

6  KHF, 79.70  62.69 

7  KHFj 76.88  60.37 

■s  K,CO,  and  S  residue  re-treated S3.30  6«).«}3 

Averajre  of  2,  5.  and  8. 83,42  65.62 

II.  a. — ASSAY    METHODS   GIVING    TIN    BUTTONS. 

German  Method.  * — Five  grams  of  the  ore  was  mixed  with  one 
gram  of  ver>-  finely  ground  charcoal  and  placed  in  the  bottom  of 
an  ordinary'  Hessian  crucible,  No.  5.  Over  this  was  placed  fifteen 
grams  of  black  flux  substitute  mixed  with  one  gram  of  borax 
(the  black  flux  substitute  is  made  by  mixing  ten  parts  NaHCO, 
with  three  parts  flour),  then  a  cover  of  salt,  and  on  this  several 
lumps  of  charcoal.  The  crucibles  were  put  in  a  coke  crucible 
fire  and  left  there  one  hour  and  twenty  minutes  at  a  good  heat. 
The  slag  was  clear,  well  fused  and  dark  brown ;  the  buttons 
weighed  3.10  and  3.29  grams,  respectively  (Nos.  i  and  2). 

Doubling  the  above  charge  was  then  tried,  but  in  all  other 
respects  the  assay  was  run  in  the  same  way.  Buttons  weighed 
6.465  and  6.250  (Nos.  3  and  4). 

The  next  assays  were  made  in  the  same  way  but  a  lower  heat 
was  used,  giving  a  lower  result.  Slag  was  brown,  well  fused. 
Time,  one  hour.  Weights  of  buttons,  5.060  and  5.370  (Nos.  5 
and  6). 

No.  7.  Same  charge  but  hotter  fire;  gave  good  button 
weighing  6.365.  Nos.  8  and  9.  These  assays  were  made  in  a 
charcoal-lined  crucible.  Ten  grams  of  ore  and  two  grams  of 
charcoal  were  mixed  together  and  put  in  the  bottom,  then  covered 
with  a  mixture  of  twenty  grams  of  black  flux  substitute  and  one 
of  borax  glass,  then  lumps  of  charcoal.  The  assays  were  heated 
as  usual ;  they  were  unsuccessful,  as  the  porous  lining  seemed  to 
absorb  all  the  slag,  so  that  the  button  did  not  collect  well. 

*  I«ast  cit.     (ila.H.s.  Metallurgisckf  Pmbfrkundsi,  I,eipsic.  1882.  p.  412.     Kerl-Batty.  fh'e 
Pfvbirkumie,  Brunswick.  1879.  p.  3qi. 
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Nos.  lo  and  1 1  were  an  experiment,  as  five  grams  of  argol  were 
substituted  for  the  flour  in  the  black  flux  substitute;  so  the 
charge  was  as  follows  :  Ore,  lo;  charcoal,  2 ;  argol,  5 ;  soda,  20; 
borax  glass,  i .  Salt  cover,  charcoal.  They  were  fused  in  a  hot 
fire  for  three-quarters  of  an  hour.  Weight  of  buttons,  4.40  and 
3.25  grams. 

Nos.  12  and  13  were  run  in  charcoal-lined  crucibles  with  the 
following  charges:  Ore,  5  grams;  B.  F.  S.,  15  grams;  borax 
glass,  I  gram;  charcoal,  i  gram;  salt  cover,  lump  charcoal. 
Time,  one  hour;  good  reduction,  but  buttons  failed  to  collect 
well.     Results  practically  same  as  Nos.  8  and  9. 

Nos.  14  and  15.  Charge  same  as  3  and  4  but  fire  ver>'  hot 
(white  heat) .  Time,  one  hour.  Buttons,  6.422  and  6.683.  This 
shows  that  it  is  possible  to  reduce  iron  by  the  German  method  if 
the  charges  are  heated  to  a  white  heat. 

Nos.  16  and  17.  Same  as  15  and  16,  but  moderate  fire. 
Buttons,  6.281  and  6.278. 

I  then  tried  the  German  method  in  the  muffle  furnace,  using 
flat  bottomed  crucibles.  Charge  same  as  i  and  2.  Time,  forty- 
five  minutes.  White  heat.  Weight  of  buttons,  3.270  and  2.890 
(Nos.  18  and  19). 

COMPARISON  OP  RRSUI^TS. 

No.                       Minutes.  Fire.  Slag.  Pcrcentajfc. 

I  So  Hot  Brown  62.00 

2 80  "  "  65.80 

3 80  •'  "  64.65 

4  80  "  "  62.50 

7  60  •'  "  63.65 

14 60  White  heat  **  64.22 

15 60  "         ••  ••  66.S3 

16 60  Moderate  *'  62.ST 

17  60  "  "  62.78 

Average 63.92 

I  believe  this  to  be  one  of  the  best  methods  of  detennining  tin 
in  a  high  grade  ore ;  to  be  run  successfully,  a  long  time  (/.  ^m 
one  hour)  and  a  hot  fire  (between  a  bright  red  and  a  white  heat, 
but  not  as  hot  as  a  white  heat)  are  necessar>^  I  think  good 
results  may  be  obtained  in  the  muffle  by  this  method. 

Cyajiid  Method  * — The  first  three  assays  by  this  method  were 
made  with  a  ver>^  poor  quality  of  cyanid,  such  as  is  used  for 

•  rh'Y  Assay  of  Tin  Otrs.p.  22.  Hofman.    Ricketts,  A^o/es  on  Assaying^^  p.  86.    Mitchel's. 
AisiiYinj:.  ]),  409.     Bcringer.  Assayinf^.  p.  234,    f>tr  Probirkundf,  1879.  p.  391. 
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amalgamation.  Charge  was:  Ore,  lo  grams;  5  grams  cyanid 
put  in  bottom  of  crucible ;  25  grams  cyanid  mixed  with  ore  and 
placed  on  top,  then  a  cover  of  5  grams  of  cyanid  and  a  cover  of 
salt.  The  charges  were  heated  up  slow^ly  and  left  in  a  moderate 
fire  for  twenty  minutes  after  fusion.  Weights  of  buttons  were 
as  follows:   No.  20,  5.78;  No.  21,  5.840;  No.  22,  5.675. 

Five  assays  were  next  made  using  different  amounts  of  cyanid 
and  mixing  it  all  with  the  ore.  The  object  was  to  ascertain  what 
quantity  of  cyanid  it  was  necessar>-  to  use  and  also  to  see  whether 
the  layer  of  cyanid  in  the  bottom  and  on  top  was  advantageous. 

In  each  case  ten  grams  of  the  ore  was  u.sed  and  the  charge 
heated  in  a  good  fire  for  twenty-five  minutes. 

Grams  Weight 

No.  Cyanide.  Button.  Percentage. 

23 10  1.744  17-44 

24 20  4*170  41-70 

25 30  4941  49.4« 

26 40  5.073  50.73 

27 SO  .S.I9.«)  SJ-9H 

These  assays  show  that  up  to  fifty  grams  the  amount  reduced 
increases  with  the  amount  of  cyanid  used,  and  also  that  the 
layers  of  cyanid  top  and  bottom  are  necessary.  Nos.  28  and  29. 
Ore  10  grams;  5  grams. KCN  in  grams,  then  30  grams  mixed 
with  ore,  then  5  grams  KCN,  then  salt  cover — ordinary  unlined 
Hessian  crucibles  were  used — as  in  previous  assays.  Charges 
were  heated  for  one  hour  in  a  hot  fire.  The  cyanid  used  was 
of  a  better  quality  than  that  employed  in  the  first  assays.  Slag 
was  dark  green  and  well  fused.  Weights  of  buttons  were  6.295 
and  6.860.  Nos.  30  and  31  were  run  as  above,  except  that  chalk- 
lined  crucibles  were  used.  The  slags  were  light  green,  porous, 
and  pasty.     Buttons  weighed  5.300  and  6.030. 

Nos.  32  and  33  w^re  run  with  some  charge  in  a  hot  fire  for 
forty-five  minutes.  Slag  was  green.  Buttons  weighed  6.683 
and  6.442. 

Nos.  34  and  35  same  as  above,  except  in  chalk-lined  crucibles. 
No.  34,  slag  porous.  Result  low.  No.  35,  slag  green.  Button 
weighed  6.842. 

No.  36  was  run  in  an  unlined  crucible  with  the  usual  charge, 
but  with  chemically  pure  cyanid  (98  percent.  KCN)  in  as  hot  a 
fire  as  possible.     Slag  was  white.     Button  weighed  7.089. 


I 


I 
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No.  37  same  as  No.  36,  but  in  chalk-lined  crucible.  Time  of 
both»  45  minutes.     Weight  button,  7.190. 

Nos.  38  and  39  same  charge,  but  low  heat.  No.  58.  naked 
crucible.     Weight  button,  6.870.     No.  39,  chalk-lined  crucible. 

6.315. 

Nos.  40,  41  and  42  same  charge,  except  no  salt  cover,  ordiiian- 

cyanid  being  used.     Moderate  fire ;  time  thirty  minutes.    Slap; 

gray.     Weights,  No.  40,  6.193;  ^o-  41.  6.015;  No.  42,  6.175. 

Buttons  were  well  formed,  bright  and  fairly  soft. 

Nos.  43, 44  and  45  same  as  pre\nous,  but  pure  cyanid  was  used. 
No.  43.  6.938 ;  No.  44,  6.896 ;  No.  45,  6.812.  Buttons  were  dull. 
The  next  assays  were  run  to  test  the  merits  of  the  salt  cover: 
the  usual  charge  was  used  (ordinar>'  cyanid).  Nos.  46  and  47 
had  salt  covers.  Nos.  48  and  49  had  not.  Nos.  46  and  48  were 
in  one  fire  and  47  and  49  in  another,  so  the  conditions  were  the 
same  in  the  case  of  those  with  and  without  salt  covers.  Weights. 
No.  46,  6.362;  No.  47,  6.590;  No.  48,  5.970;  No.  49,  5.920. 

This  seems  to  me  to  be  sufficient  to  show  the  advisability  of 
using  a  cover  of  salt. 

I  next  tried  some  assays  to  see  if  a  mixture  of  black  flux 
substitute  and  cyanid  would  give  .satisfactory  results  and  found 
that  it  would  not. 

No.  50.  Ore,  10  grams,  KCN  5  grams,  in  bottom  ;  then  KCN. 
20  grams,  and  B.  F.  S.,  10  grams,  mixed  with  ore,  then  KCN, 
5  grams,  salt  cover.  Moderate  fire,  thirty  minutes.  Slag  white. 
Button  weighed  6.005.  No.  51  same  as  No.  50  except  KCN  15 
grams,  B.  F.  S.,  15  grams,  mixed  with  ore.  Weight  of  button, 
6.045.  No.  52  same  as  No.  50,  except  KCN,  10  grams,  B.  F.  S.. 
20  grams,  with  ore.  Weight  of  button,  5.955.  No.  53  same  as 
No.  50,  but  time  forty-five  minutes  in  a  fairly  hot  fire.  Weight 
of  button,  6.160.  No.  54  same  as  No.  53,  except  KCN,  10  grams, 
B.  F.  S.,  20  grams.  Weight  of  button,  5.793.  No.  55  same  as 
No-  53»  except  B.  F.  S.,  30  grams.     Weight  of  button,  5.277. 

From  the  assays  by  the  cyanid  method  it  seems  that,  first, 
chalk-lined  crucibles  are  objectionable  because  they  render  the 
fusion  pasty  at  a  low  temperature,  giving  a  porous  slag,  while, 
if  the  heat  is  raised  so  as  to  fuse  them,  iron  is  reduced,  which 
renders  the  results  too  high ;  second,  chemically  pure  cyanid  will 
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reduce  iron  at  a  lower  temperature  than  the  ordinary  cyanid ; 
third,  a  salt  cover  is  necessary ;  fourth,  the  layer  of  cyanid  on 
the  bottom  and  top  of  the  charge  is  a  decided  advantage. 

I  also  tried  running  cyanids  in  the  muflfle,  the  following  charge 
being  used.  Ore,  5  grams,  KCN,  5  grams  on  the  bottom,  then 
25  grams  mixed  with  the  ore,  then  cover  of  cyanid,  then  salt  and 
finally  lumps  of  charcoal.  They  were  kept  in  a  hot  fire  for 
twenty  minutes:  the  buttons  were  good. 

Weight  Per  , 

Xo.  button.  cent. 

56 3-21^  64.36 

57 3.443  68.86 

Cryolite  Method. — Was  tried  as  follows :  Ore,  10  grams,  cr>^olite, 
10  grams,  charcoal,  2  grams,  mixed  together  and  put  in  naked  cru- 
cible, and  covered  with  salt  and  charcoal ;  heated  in  crucible  fire ; 
result,  no  buttons  and  no  apparent  reduction  (Nos.  58  and  59). 

II.  b, —  ASSAY    METHODS  GIVING  ALLOYS  FROM  WHOSE  WEIGHT 
THE  AMOUNT   OF  TIN  CAN  BE  CALCULATED. 

Bronze  Buttons.  *  — First  method.  Oxid  of  copper  and  black 
flux  substitute/  Nos.  60  and  61.  Ore,  10  grams,  oxid  of  copper 
(CuO),  ID  grams,  black  flux  substitute,  40  grams,  borax  glass, 
1  gram,  \vere  mixed  together  and  put  in  an  unlined  Hessian  cru- 
cible, and  then  a  cover  of  salt  added ;  the  crucible  was  placed  in 
a  hot  fire  and  the  charge  fused  for  one  hour ;  the  slag  was  dull 
green  and  well  fused,  buttons  weighed  13.13  and  12.82  grams; 
subtracting  the  amount  of  copper  in  10  grams  of  oxid  of  copper, 
7.97,  gives  the  weight  of  tin  5.260  and  4.850.  Nos.  62  and  63, 
same  as  above  except  crucibles  were  lined  with  chalk ;  weight 
of  tin  in  buttons,  5.600  and  5.250.  Nos.  64  and  65.  Ore,  10 
grams,  B.F.S.,  10  grams  mixed  and  put  in  a  charcoal-lined  cru- 
cible, covered  with  lumps  of  charcoal ;  crucibles  were  heated  as 
before  one  hour  in  a  hot  fire ;  there  was  very  little  slag  as  most 
was  absorbed  by  the  lining.  Weights  of  buttons,  14.02  and 
^3-85.  equivalent  to  60.50  and  58.80  per  cent,  of  tin. 

These  results  corroborate  those  obtained  by  cyanid  and  black 
flux  .substitute,  and  show  that  black  flux  substitute  is  not  a  proper 
reducing  agent  for  cassiterite  under  an}-  conditions. 

*  ITofmaii.  p.  37.  Winkler,  Btny  utnl  Hufh'nmainu'srhf  Zt^itung,  1S64.  p.  17.  Mitchel,  p.  411. 
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Oxid  of  Copper  and  Cyaftid  of  Potassium, — Nos.  66  and  67. 
Five  grams  of  cj'anid  were  placed  in  the  bottom  of  an  ordinan- 
No.  5  Hessian  crucible,  then  30  grams  of  c>'anid  was  mixed  wnth 
10  grams  of  the  ore  and  placed  on  top^  then  a  cover  of  cyanid 
(no  salt).  Charge  was  heated  for  one  hour  in  a  fairly  hot  fire: 
the  slag  was  stony  and  gray%  buttons  w^ere  bright  and  well  formed. 
No.  66  weighed  13.7660;  No.  67,  13.480;  equivalent  to  tin. 
5.796  and  5.490  (subtracting  7.97).  Nos.  68  and  69  same  as 
above  but  run  in  chalk-lined  crucibles:  slag  was  porous  and 
buttons  were  not  well  shaped;  weighed  13.72  and  13.89;  tin. 
5.750  and  5-920. 

Two  assays  were  run  in  unlined  crucibles  with  same  charge 
and  salt  cover,  and  with  them  a  blank  assay  to  determine  the 
real  amount  of  copper  reduced  (Nos.  70*  71,  and  72).  1 


No.  Wcijrht  button.        Per  cent. 

70..... 13.8660    7.3960  6.470 

7^ 13-7150    7.39^  M»90 

The  weight  of  copper  button  from  the  blank  assay  is  7.3960; 
this  is  very  much  below  the  theoretical  amount  of  copper  present, 
7.97,  and  accounts  for  the  low  results  in  assays  Nos.  66  and  69; 
subtracting  the  weight  of  copper  obtained  from  the  blank  from 
the  weight  of  these  bronze  buttons,  I  get  as  follows :  No.  66. 
6.370;  No.  67,  60.90;  No.  68,  6.330;  No.  69,  6.500. 

In  this  method  the  disadvantage  of  the  chalk  lining  is  not  in 
the  weight  of  the  buttons,  but  in  the  porous  and  pasty  condition 
of  the  slag  and  in  the  irregular  form  of  the  buttons. 

Had  a  blank  assay  been  run  with  the  black  flux  substitute 
assays  better  results  w^ould  have  undoubtedly  been  obtained,  but 
the  weights  were  so  low  that  the  method  did  not  seem  to  merit 
further  investigation. 

II.  f. — ASSAY  METHODS  GIVING   AN  ALLOY  TO  BE  TREATED 

BY   WET   METHODS. 

Copper  Oxid  and  Cyanid. — Two  grams  of  the  ore  were  mi.xed 
with  ten  grams  of  cyanid,  and  placed  in  a  small  He.ssian  crucible 
on  a  layer  of  cyanid,  and  then  covered  with  a  second  layer  as 
usual,  then  salt  cover,  andheated  in  a  hot  fire  three-quarters  of 
an  hour. 

Three  assays  were  run  in  this  way  and  the  results  averaged 
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(Nos.  72,  73,  and  74).  The  buttons  were  then  treated  with 
nitric  acid  and  the  oxid  of  tin  weighed  ;  the  percentage  of  SnO.^ 
was  81.26,  equivalent  to  63.92  of  tin. 

Grams. 

Averaj^e  weight  of  bronze  buttons  4-857 

Average  weight  of  tin  subtracting  theoretical  amount 

of  Cu  in  5  grams  CuO  0.872 

Average  weight  of  tin  subtracting  Cu  as  found  in  blank 

assay  1.159 

Average  weight  of  tin  in  buttons  as  calculated  from 

weight  of  SnO, x-2784 

This  method  of  using  copper  as  a  collecting  agent  for  the  tin 
is  recommended  for  low  grade  ores  as  it  prevents  the  loss  of  small 
particles  of  tin  in  the  slag. 

From  the  foregoing  experiments  there  seem  to  be  four  methods 
of  assaj'ing  cassiterite  which  give  sufficiently  accurate  results  for 
practical  work — the  German  method,  cyanid,  oxid  of  copper  and 
cyanid  when  blank  assay  is  run,  oxid  of  copper  and  cyanid 
when  button  is  treated  with  nitric  acid  and  the  oxid  of  tin 
weighed. 

Assays  of  tin*  should  always  be  run  in  duplicate  and  the 
average,  not  the  highest,  taken. 

In  the  Gennan  method  an  hour  in  a  fire  almost  at  a  white  heat 
gives  the  best  results. 

Cyanid  Method. — The  following  charge  is  the  best.  KCN 
5  grams  in  bottom  of  crucible,  then  30  grams  mixed  with  the 
ore,  then  cover  of  5  grams  more,  then  salt  cover;  used  on  unlined 
crucible  and  heated  at  a  red  heat  (not  a  bright  red)  for  twenty 
lo  twenty-five  minutes.  The  results  obtained  using  this  charge 
were  as  follows : 

No.  Per  cent. 

la  )  (  66.8^ 

'    J     Ordinary*  KCN.  hot  fire.  45  minutes,  salt  cover,  \  ,     ' 

^^ )  f  ^-42 

J     Ordinary  KCN,  low  heat.  30  minutes,  salt  cover,  {  .* ' 
47  \  (65.90 

Average  65. iq 

Oxid  of  Copper  and  Cyanid, — Use  same  charge  as  in  cyanid 
method,  adding  lo  grams  of  black  oxid  of  copper  ;  heat  iji  a  hot 
fire  for  three  quarters  of  an  hour;  with  every  set  of  assays  run 
one  with  same  charge,  leaving  out  the  ore,  and  subtract  the 
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weight  of  the  copper  button  from  the  weights  of  the  bronze  ones. 
Results  by  this  method : 

No.  Per  cent. 

70  64.70 

71   63.19 

Average  63.95 

In  the  method  where  the  bronze  button  is  dissolved  in  nitric 
acid  it  is  not  advisable  to  get  too  large  a  button  on  account  of 
the  time  taken  in  dissolving  it.  I  would  recommend  taking  such 
amounts  of  ore  and  oxid  of  copper  as  to  give  a  button  of  about 
three  g^ams,  of  which  over  two  grams  should  be  copper. 

There  are  several  other  methods  of  assaying  tin  in  use,  and 
many  more  to  be  found  by  consulting  the  literature  on  the  subject, 
but  they  all  seemed  less  feasible  than  the  ones  described. 

One  very  important  point  in  connection  with  the  assay  of  tiu 
ores  is  the  concentration  of  a  large  sample  down  to  a  small  one 
containing  the  tin  for  assay ;  this  may  be  done  in  a  pan,  or  by 
coarse  jigging.  The  high  specific  gra\'ity  of  cassiterite  renders 
this  comparatively  easy. 


NOTES  ON  SILICON  IN  FOUNDRY  PIG  IRON. 

Bv  David  H.  Brownr. 

During  the  years  1889-90,  while  acting  as  chemist  at  the 
furnaces  operated  by  Andrews  and  Hitchcock  at  Hubbard,  Ohio, 
it  was  my  duty  to  make  daily  determinations  of  the  silicon  in 
each  cast  of  pig  iron  made  from  two  furnaces.  While  my  atten- 
tion was  thus  primarily  directed  to  the  chemical  composition  of 
the  iron,  it  was  my  habit  to  observe  also  the  corresponding  varia- 
tions in  its  physical  appearance.  It  is  of  these  variations  in 
chemical  composition  and  of  their  correlation  with  the  grading 
of  the  iron  and  with  other  physical  peculiarities  that  I  wish 
herein  to  treat.  While  these  records  may  not  in  themselves  be 
of  much  scientific  interest,  yet  such  data  form  a  valuable  basis 
from  which  hereafter  some  law  of  harmony  may  be  deduced.  I  do 
not  wish  to  be  understood  as  claiming  that  such  relation  between 
composition  .  and  appearance  as  I  have  noticed  in  Hubbard 
Scotch  is  true  of  all  other  foundry  irons ;  I  wish  sin\ply  to 
place  on  record  certain  obser\'ations  on  this  iron,  and  all  other 
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opinions  herein  expressed,   save  where  an    accepted  theoty  is 
quoted,  are  to  l)e  taken  simply  as  obiter  dicta. 

The  pig  iron  manufactured  at  the  Hubbard  furnaces  has  held 
for  more  than  twenty  years  an  enviable  reputation  as  a  foundry 
iron.  Its  composition  is  such  that  it  seems  to  combine  in  an  un- 
usual degree  the  different  requirements  of  softness,  fluidity,  and 
strength.  It  is  largely  purchased  by  eastern  manufacturers  of 
light  castings,  such  as  stove  fixtures ;  and  in  many  cases  where  a 
softener  is  required  is  used  instead  of  imported  Scotch  iron.  It  is 
made  from  a  mixture  of  Lake  Superior  hematites  and  native 
black  band  oi^s ;  the  average  furnace  mixture  being  about  57  per 
cent.  iron.  The  furnaces  are  run  on  a  slag  containing  about  33 
percent,  silica  and  45  per  cent,  lime,  and  the  iron  varies  from 
2-75  to  3.75  per  cent  silicon, — an  average  of  several  hundred 
samples  of  No.  i  Foundry  iron  giving  .2.92  per  cent,  silicon. 
The  analysis  of  good  foundry  iron  has  been,  with  slight  variations 
in  silicon,  about  as  follows: 


Graphitic  ca 

rbon 

-?-95 

to 

.^25  per  cent 

Combined 

•  « 

.16    •• 

Silicon 

2.92    " 

Salphur 

.015  ••       •• 

Phosphorus 

.648  •• 

Man^ranese 

.97    "       *• 

The  metal  is  graded  according  to  its  appearance  on  breaking, 
as  follows : 

Silvery  Iron.    .A.  closc-£:rained  bright  iron,  crystals  of  metal  all  small. 

A  very  weak  and  brittle  iron. 
No.  3  Soft.    Major  part  of  the  surface  of  fracture  shows  close-s^ratued 

brig^ht  crystals,  with  a  few  largrer  {graphitic  plates.    A  weak  iron. 
No.  1  Soft.     Major  part  of   surface  of  fracture  shows  larg^e-grained 

graphitic  crystals.   Has  numerous  close-drained;  briji^ht.  **  mushy" 

spoLs.     A  weak  iron. 
No.  I  Foundry.    Entire  surface  of  fracture  shows  larjire-grrained.  ffra- 

phitic  crystal.s.    A  *' mild"  soft  iron. 
No.  2  Foundry.     Entire  surface  of  fracture  shows  .smaller,  darker- 

g-rained  crystals.    A  strong  iron. 
Mill  Iron.    Very  small-grained,  dull  iron.    Very  .strong  and  tough. 
The  lower  and  colder  grades,  tnz.,  gray  forge,  mottled,  and  white  iron,  are  very  seldom 
made  at  these  furnaces. 

A  short  explanation  of  the  method  of  judging  what  grade  a 

cast  shall  be  marked  may  be  of  interest.     If  a  No.  i   Foundry 

iron    shows,    on     breaking,    a    few     close-grained,    so-called 

'mushy"    spots   of  lighter  color  and  smaller  crystals  than  the 

regular   No.  i    fracture   and   if   the    crystals   appear    in   these 
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spots  to  have  partially  fused  or  fritted  together  the  iron  is  said  U> 
be  No.  I  Foundry  "on  the  hot  side."  An  increase  in  the  num- 
ber  and  size  of  these  spots  would  cause  the  iron  to  be  graded  as 
No.  I  Soft.  As  the  heat  received  by  the  metal  in  the  fumacx- 
increases  the  metal  shows  on  fracture  a  greater  proportion  of 
these  mushy  spots,  the  limits  of  which  are,  however,  not  sharply 
defined,  but  pass  imperceptibly  into  the  larger  surrounding  ens- 
tals.  When  the  greater  portion  of  the  fracture  exhibits  this  close- 
grained,  bright  appearance,  the  iron  is  graded  as  No.  2  Soft :  and 
when  the  entire  surface  of  fracture  is  covered  with  small,  bright 
crystals,  and  no  large  graphitic  plates  are  to  be  seen,  the  metal 
ranks  as  Silver\^  iron.  In  passing  from  No.  i  Foundr>'  towards 
Mill  iron  the  metal  is  graded. as  No.  2  Foundry  if  the  crystals  of 
fracture  are  smaller  and  duller  than  No.  i,  and  when  the  cr>'stals 
are  very  small  and  dead,  or  dull  looking,  the  metal  ranks  as 
Mill  iron. 

The  appearance  of  the  crystals  on  fracture  of  a  pig  is  the  usual 
criterion  of  the  quality  of  the  iron.  The  terras  "dull,"  "sharp.' 
"mild,"  "soft,"  "mushy,"  etc.,  are  local  and  used  in  different 
places  with  somewhat  different  meanings.  Crystals  of  fracture 
are  said  to  look  "soft"  or  "mild"  when  they  are  large,  promi- 
nent, and  very  graphitic,  the  color  being  ver>-  black  and  the  luster 
brilliant.  The  term* '  *  sharp  "  or  "  bright ' '  is  applied  to  hot  irous. 
such  as  Silvery,  where  the  cr>'stals  are  small,  the  color  of  a  silver 
gray,  and  the  luster  brilliant.  Silvery  iron  has,  when  freshly 
broken,  almost  the  color  of  zinc.  Cold  irons,  such  as  No.  2 
Foundry  and  Mill,  have  the  cr>'stals  much  less  brilliant  than  Xo. 
I ,  and  of  a  dull  black  color. 

If  all  other  conditions  are  equal,  the  higher  the  heat  of  the 
furnace  the  higher  will  be  the  grade  of  the  iron  and  the  higher 
its  percentage  of  silicon.  There  are  in  the  furnace  two  currents, 
an  ascending  gaseous  and  a  descending  stock  current.  If  the 
number  of  revolutions  of  the  blowing  engine  be  increased  the 
velocit}'  of  the  ascending  gases  will  increase  proportionally,  the 
stock  will  be  cooler,  and  each  particle  of  ore  be  exposed  for  a 
shorter  period  to  the  action  of  the  blast.  More  iron  will  be  pro- 
duced, but  the  time  allowed  for  chemical  action  being  shorter, 
the  action  will  be  less  energetic  and  the  iron  will  be  lower  in 
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carbon  and  silicon  than  that  produced  with  slower  blast,  where 
more  time  is  given  for  chemical  union  or  physical  saturation  with 
these  desirable  elements. 

During  the  regular  working  of  a  furnace  an  increase  in  the 
moisture  of  the  air,  a  charge  of  wet  ore,  or  an  increased  amount 
of  blast  will  lower  the  grade  of  the  metal  and  at  the  same  time 
lower  the  percentage  of  silicon.  An  increased  supply  of  coke, 
or  a  decreased  volume  of  blast,  will  raise  both  the  grade  of  iron 
and  the  percentage  of  silicon.  This  variation  of  silicon  with 
the  grade  may  be  seen  from  the  following  consecutive  list  of 
analyses.  The  iron  was  made  on  No.  i  furnace  on  January  19th 
and  20th,  1890, 


Uatk. 

<;kadk. 

Silicon. 

Jan.  itj 

No.  2  Foundry 

2.36 

••     i(» 

Nos.  I  and  2  Foinulry 

fvi.s 

••      IV 

No.  I  Foundry 

3.21 

•*     20 

•'    I  Soft 

;v2? 

20 

>•    2    •• 

;v92 

•'    ao 

'•    2    "    and  Silver>- 

4.02 

•*     20 

Silver\' 

4.60 

The  effect  of  cooling  the  furnace  in  producing  Mill  iron  and 
lowering  the  percentage  of  silicon  is  shown  by  the  series  of 
casts  made  Januar>'  26th,  1890,  and  days  following: 


Datk. 

Jau 

.  26 

26 

26 

26 

27 

27 

27 

27 

2S 

2.S 

2« 

2» 

2g 

29 

2*^ 

♦  Not  analyzed. 

Gradr. 

Silicon. 

No.  I  Foundry 

2.93 

••    2  Soft 

3.H6 

••    1  Foundry 

• 

3.26 

Mill 

* 

Nor.  I  and  a  Foundry 

»-74 

"     I     "    2         ** 

2.03 

"     I    "    2  Soft 

.^34 

No.  I  Pound r\- 

■ 

3.20 

Mill 

* 

No.  T  Foundry 

2.90 

*•    2  Soft 

3.06 

Mill 

i> 

No.  1  Found  r>- 

2. bo 

•  a          1                     •« 

2.64 

•  1           1                       ma 

2.^'> 

From  the  above  tables  it  may  be  seen  that  the  percentage  of 
silicon  increases  with  the  heat  of  the  iron  and  znce  versa.  While, 
however,  this  is  practically  true,  it  is  not  always  relatively  so. 
Mill  iron  is  sometimes  higher  in  silicon  than  good  foundry  iron 
made  at  the  same  furnace,  but  this  mill  iron  must  have  been 
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cast  under  unusual  conditions.  The  facts  are  that  in  the  regular 
working  of  a  furnace  both  the  grade  and  the  silicon  are  governed 
by  similar  conditions,  and  circumstances  which  raise  the  one 
increase  the  other.  There  are,  however,  numerous  conditions, 
as  will  hereafter  be  shown,  which  affect  the  silicon  or  the  grade 
independently  of  each  other. 

The  rapidity  with  which  iron  flows  from  the  tapping  hole  has 
considerable  influence  upon  its  grade.  In  order  to  yield  the 
greatest  amount  of  No.  i  Foundry  pig  the  tap  hole  should  be  of 
sufficient  size  to  pennit  a  rapid  flow  of  iron  and  the  sand  moulds 
should  be  clean  and  dry.  Should  the  tap  be  small,  and  the  iron 
flow  slowly  down  the  runner  and  dribble  into  damp  beds,  the 
metal  becomes  chilled,  and,  in  consequence,  an  iron  which  at 
the  skimmer  shows  every  indication  of  heat,  and  under  proper 
conditions  would  have  been  good  No.  i  Foundr>',  will  grain  up 
no  better  than  No.  2  Foundry  or  No.  i  Mill.  For  this  reason  the 
grain  of  the  iron  will  not  always  show  the  amount  of  silicon  it 
contains.  As  the  furnace  is  ver>'  sensitive  when  working  on  hot 
irons,  it  often  happens  that  a  slight  slip  of  the  walls  before  tap- 
ping will  lower  the  grade  of  the  following  cast  to  mill  iron  without 
lowering  thd  silicon. 

The  following  series  of  analyses  will  show  this  peculiarity : 


* 

Furnace 

No.  2. 

Datk. 

Cast  No. 

OKADr. 

Silicon 

Mav  16 

3 

No.  I  Soft 

3.06 

.'•'    Ui 

4 

t «        1          «• 

3.76 

*'   17 

I 

»«        1          %• 

3.36 

"     >7 

2 

Min 

2.73 

•*     17 

3 

No.  I  Found n* 

2.65 

••     17 

4 

•    1  Soft 

2.82 

••     iS 

I 

**    I  Found r\' 

2.90 

••     iS 

2 

*    2  Soft 

3.3« 

Again,  on  June  ist  a  cast  of  Mill  iron  contained  as  much  silicon 
as  generally  accompanies  good  Foundry  iron. 


Datk. 

Cast  No. 

Grade. 

Silicon- 

May  31 

4 

No.  I  Soft 

3.29 

June  I 

I 

"    2  Foundry 

3.01 

I 

2 

Min 

•     3.<M 

I 

3 

No.  2  Foundry 

3.06 

I 

4 

•    2  Soft 

3.18 

2 

t 

*    I  Foundry 

3-41 

2 

2 

"    2  Soft 

• 

4.08 

June  3 

3 

No.  2  Foundry' 

3.3a 

4 

It    1        1. 

3.34 

"      4 

I 

Min 

3»5 

*•      4 

a 

No.  I  Foundry 

3-54 
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These  examples  are,  however,  extraordinar3%  and  serve  to  show 
how  sensitive  the  furnace  is  to  any  chill  when  making  hot  irons, 
and  how  readily  the  grade  may  change  without  much  alteration 
in  the  silicon. 

Another  peculiarity  of  high  silcon  irons  must  here  be  noticed. 
If  a  very  hot  iron,  high  in  silicon,  be  chilled  when  casting  either 
through  a  slow^  run  or  damp  pig  beds,  the  effect  is  to  close  the  grain 
and  diminish  the  size  of  the  crjstals,  thus  giving  it  the  appearance 
of  silvery  iron.  I  have  frequently  noticed  such  casts  of  hot  iron 
chilled  to  Silvery  grade,  and  have  found  the  percentage  of  silicon 
in  such  iron  is  somewhat  lower  than  in  the  following  and  preceding 
casts.     Thus : 


No. 

Furnace  No. 

Datk. 

Cast  No.                 Grade. 

Silicon 

76»5 

2 

.\ut?.  24.  '90 

3                       No.  a  Soft 

4.06 

7616 

2 

•'      24.  '90 

4  (slow  mil)    Silver}- 

.^69 

7fii7 

2 

••      25.  '9" 

1  (fa.st  run)     No.  2  Soft 

.v>« 

In  analysis  No.  7616  I  noticed  little  granules  of  slag  both  in  the 
pig  and  in  the  drillings.  These  were  easily  distinguished  from 
the  sand  which  clings  to  the  pig  and  is  removed  by  the  magnet 
before  analysis.  These  slag  granules  suggest  a  ver>'  simple  ex- 
planation of  the  lowering  of  silicon  by  chill  in  the  runner.  Silicon 
in  pig  iron  has  a  tendency  to  brighten  the  color,  because,  on 
account  of  its  avidity  for  oxygen,  it  prevents  oxidation  of  the 
metal  during  a  cast.  If,  however,  a  high  silicon  iron  (which 
cast  rapidly  should  grade  No.  i  or  No.  2  Soft)  be  chilled  by  slow 
run,  an  incipient  oxidation  takes  place  in  the  metal.  The  silica 
and  oxide  of  iron  thus  formed  unite  to  form  globules  of  slag 
which  rise  out  and  are  entangled  in  the  upper  part  of  the  cooling 
metal.  In  this  way  the  oxide  is  removed  as  fast  as  formed  and 
the  metal  is  brightened  at  the  expense  of  a  part  of  the  silicon, 
while  the  chill  closes  the  grain  and  gives  it  the  appearance  of 
of  Silver\'  iron. 

The  percentage  of  silicon  is  not,  as  might  be  supposed,  constant 
throughout  a  cast,  but  varies  from  top  to  bottom  of  the  casting 
house.  The  first  made  pig  bed  at  the  bottom  of  the  casting  floor 
I  have  found  by  several  trials  lower  than  the  average  in  silicon, 
while  the  bed  last  filled  and  nearest  to  the  furnace  has  higher 
silicon  than  the  average.     A  slight  change  in  phosphorus  accom- 


I. si  (or  lowest) 

pijr  bed 

.  niidc 

lie 

pig 

2.80 

-^rcl 

•  •              • » 

•  « 

»k 

2.92 

5th 

•  k             t  • 

« i 

t  % 

2.90 

71I1 

•  t             • » 

«« 

»  1 

2.90 

mil 

•  t                t  h 

t» 

4% 

2.Q2 

iiiiO 

r2.86 

i  2.S0 

i.sth  J 

4k                 « t 

»« 

%» 

U.94 

i7tli 

«•                •% 

h  1 

*  • 

2.94 

i9lh 

k »                k» 

■  4 

«  k 

3-40 

19th 

*  t                *» 

end. 

or 

last. 

piK 

3-44 

*  Slow  run  about  this 

time. 
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panics  the  change  in  silicon.     Two  series  of  analyses  are  here 
given  which  will  show  this  : 

Furnace  No.  i.  Sept.  23.  1890.    Cast  of  No.  2  Soft  iron. 

Silicon.       Phosphorus. 
.740 


.:^ 


•765 


Another  set  of  analyses  made  October  31st  on  the  following  cast: 

Furnace  No.  i,  ii  .A.  M.    No.  2  Soft  iron. 

Silicon. 

I  St  bed,  middle  pi}^  (run  .slow)  2.80 

olh (rapid  run)  3.06 

i8th "        "  3.36 

111  this  case  the  iron  came  with  a  rush  after  the  casting  floor  was 
about  half  full.  That  which  dribbled  into  the  first  eight  beds 
was,  as  shown  by  the  table,  lower  in  silicon  than  the  rest  of  the  cast. 
I  am  aware  that  some  analysts  have  found  at  other  funiaces  a 
reverse  arrangement  of  silicon  to  obtain,  and  the  pigs  first  cast 
to  be  higher  in  silicon  than  the  last.  In  order  to  test  whether 
this  was  the  case  at  Hubbard  the  above  series  of  analyses  were 
made,  and  numerous  isolated  samples  from  top  and  bottom  of  a 
cast  show  that  the  arrangement  here  given  is  or  was  the  rule  at 
these  funiaces.  The  greater  percentage  of  silicon  in  the  top 
beds  may  be  due  to  the  fact  that  silicide  of  iron  is  of  lower 
specific  gravity  than  pig  iron,  and  hence  tends  to  ri.se  toward  the 
top  of  the  hearth.  It  may  also  be  due  to  the  fact  that  the.se  com- 
binations of  iron  and  silicon,  iron  and  phosphorus,  etc.,  are  of 
higher  specific  heat  than  iron  alone,  and  hence  cool  more  slowly. 
Now  as  the  cooling  iron  encroaches  more  and  more  from  the  out- 
side towards  the  center  it  drives  the  silicide  before  it  just  as  the 
impurities  are  concentrated  toward  the  center  in  a  cooling  steel 
ingot.  For  this  reason  the  center  and  top  of  the  molten  metal 
in  the  hearth  would  contain  the  greater  portion  of  these  impuri- 
ties ;  and  the  iron  last  running  from  the  furnace  would  be  the 
richest  in  silicon.  The  analyses  were  purposely  taken  from  casts 
made  from  a  newly-lined  furnace  in  good  condition  and  at  full  heat. 
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As  the  hearth  had  not  been  cut  away  by  long  use  the  tap  hole 
was  in  such  position  that  the  iron  flowed  naturally  and  did  not 
require  blast  pressure  to  force  it  out.  The  oxidation  of  metal  by 
cooling  in  running  down  the  sand  beds  may  also  account  in  part 
for  low  silicon  in  the  first  pig.  The  phosphorus,  as  will  be  seen, 
does  not  var>'  so  much  as  silicon.  The  slight  loss  of  phosphorus  in 
the  lowest  pig  bed  may  be  due  to  partial  oxidation  and  removal  as 
slag.  The  average  silicon  throughout  the  cast  is  2.93  per  cent. 
and  the  loss  on  lowest  pig  bed  is  4.4  per  cent,  of  its  total  amount, 
while  phosphorus  is  lowered  to  the  amount  of  only  1.9  per  cent. 
Since  the  middle  pig  bed  represents  most  nearly  the  average 
silicon  in  the  cast,  it  has  always  been  my  custom  where  one  pig 
only  is  taken  for  drilling  to  select  the  middle  pig  of  this  bed,  and 
throughout  this  paper  where  analysis  of  a  cast  is  mentioned  this 
pig  has  been  the  one  selected. 

The  effect  of  silicon  on  pig  iron  is  to  weaken  the  transverse  or 
breaking  strength  of  the  metal  and  to  brighten  its  fracture.  This 
is  corroborated  by  the  breakers  in  the  iron  yard,  to  whom  a  slight 
increase  in  the  strength  of  iron  is  a  matter  of  no  small  importance. 
A  pig  containing  3.5  to  4  per  cent,  of  silicon  when  dropped  from 
a  height  of  two  feet  across  a  triangular  block,  breaks  with  almost 
the  ease  of  glass.  The  edges  of  the  fracture  are  clean  and  sharp, 
and  show  no  adhering  torn  fragments.  The  crystals  are  brighter 
and  somewhat  smaller  than  in  a  pig  of  the  same  grade  but  lower 
in  silicon.  High  silicon  iron  is  likely  to  break  slightly  '*on  the 
bias/'  that  is,  not  exactly  at  right  angles  to  its  length.  This 
seems  due  to  the  fact  that,  owing  to  the  extreme  weakness  of  the 
metal,  the  fracture  follows  the  direction  in  which  the  pig  strikes 
the  edge  of  the  block.  When  strong  iron  falls  across  a  block  in 
a  slightly  diagonal  direction,  the  pig  breaks  across  the  shortest 
possible  line,  /.  c,  at  right  angles  with  its  length,  as  shown  in 
the  following  cut.  the  dotted  line  AB  being  the  line  of  fracture. 
With  a  high  silicon  iron  the  crystals  of  graphite  set  free  by  the 
silicon  make  the  metal  somewhat  softer  in  texture  than  low  silicon 
iron,  and  the  edge  of  the  breaking  block  makes  a  guiding  indenta- 
tion which  the  fracture  follows  even  if  that  be  not  the  shortest 
possible  direction  in  which  the  pig  could  break.  IvOw  silicon 
iron  is  strong  and  tftugh,  requiring  to  be  thrown  forcibly  across 
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the  block  from  a  height,  while  the  fracture  is  lumpy  and  unex-cn 
and  numerous  torn  fragments  adhere  to  the  edges  of  the  pig. 


1> 


Stronger         //     I  Weak  or 

low  silicon  iroa /\    /  high  ulloon  Iron 

Silicon  appears  to  act  as  a  softener  not  by  any  \nrtue  in  the 
silicon  per  se,  but  by  its  effect  in  causing  the  greatest  possible 
amount  of  carbon  to  assume  the  graphitic  condition.  High  silicon 
iron  of  five  to  eight  per  cent,  is  in  itself  hard,  as  is  also  an  iron 
with  only  one-half  to  one  per  cent.  The  hardness  in  the  former 
case  is  due  to  excessive  silicon,  and  in  the  latter  to  combined 
carbon.  The  high  silicon  iron  when  melted  with  other  foundr>' 
mixtures  possesses  the  property  of  forcing  the  carbon  out  of  its 
combined  .state  and  allowing  it  to  crystallize  in  graphitic  plates. 
In  the  manufacture  of  light  ca.stings,  stove  fixtures,  brackets, 
etc.,  when  the  articles  are  of  necessity  small  and  thin,  an  ordinan* 
foundry  mixture  would  chill  in  the  ca.sting  and  make  a  weak 
article  of  white  iron.  By  the  judicious  admixture  of  .silicon  iron 
this  tendency  to  chill  and  whiten  is  overcome  ;  and  a  sound  gray 
casting  may  be  made  in  cases  where  without  the  "softener"  this 
would  be  an  impossibility. 

Since  silicon  is  the  element  which  produces  this  desired  softness 
it  would  seem  that  a  Silvery  iron  .should  command  a  higher  pria* 
than  No.  i  Foundry.  Such,  however,  is  not  the  case,  a  good 
Foundry  of  three  to  three  and  one-half  per  cent,  silicon  command- 
ing from  a  dollar  to  two  dollars  per  ton  more  than  Silvery  iron  of 
four  to  five  per  cent.  Why  this  should  be  so  is  not  ea.sy  to  ex- 
plain ;  although  foundry  men  may  find  some  excuse  in  saying 
that,  as  their  aim  is  to  produce  a  graphitic  ca.sting,  the  more  No. 
I  Foundry  iron  they  employ  the  more  graphitic  and  soft  will  Ix* 
their  product.  A  little  reflection  would  show  that  the  condition 
of  carbon  (whether  graphitic  or  combined)  in  the  stock  mixture 
is  entirely  overthrown  by  the  melting  in  cupolas  :  and  that  sina* 
silicon  in  the  softener  is  depended  upon  to  throw  the  carbon  of 
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the  casting  into  the  graphitic  condition,  the  more  siHcon  (within 
certain  limits)  there  is  in  the  mixture,  the  better  will  be  the  results. 
On  this  line  of  reasoning  it  would  evidently  be  economy  to  the 
founder  to  buy  Silvery  and  No.  2  Foundry  iron,  both  of  which 
can  be  had  cheaper  than  No.  i  Foundry,  and  by  judicious  com- 
bination to  bring  the  castings  to  any  percentage  of  silicon  desired. 
The  more  scientific  way  by  far  would  be  to  base  the  price  of  the 
softening  iron  upon  the  percentage  of  silicon  therein. 

A  few  analyses  made  of  various  grades  of  pig  iron  will  show 
that  although  silicon  changes  carbon  to  the  graphitic  state,  yet, 
when  in  excess,  it  lowers  the  carbon  by  actually  displacing  it 
from  the  iron.  As  these  irons  varied  widely  in  grade  no  com- 
parison can  be  made  between  the  percentage  of  silicon  and  that 
of  grraphite,  other  than  the  fact  that  both  low  and  high  silicon 
irons  are  low  in  graphitic  carbon. 


No. 

Silicon 

6407 

1.88 

('Sfii 

2.17 

6389 

2.50 

6312 

2.36 

^399 

2.92 

6393 

3.10 

f>39t 

3.75 

6395 

4.25 

529^ 

5.03 

Graphite. 

Com 

.  Carbon 

2.86 

0.25 

2.85 

•  ■  •  • 

2.9^ 

0.16 

3.27 

3.20 

ii.<ii^ 

2.&S 

2.72 

2.67 

In  the  high  silicon  irons  there  was  very  little  combined  carbon 
and  the  decrease  in  graphite  is  due  to  actual  displacement  or 
crowding  out  by  the  silicon.  Mr.  W.  J.  Keep,  of  Detroit,  in 
Trans.  Mining  lijigincers,  1 7,  gives  further  tables  on  this  subject, 
showing  that  in  higher  silicon  irons  this  element  entirely  dis- 
places graphitic  carbon ;  one  containing  15.38  per  cent,  silicon 
having  only  o.  79  per  cent,  and  one  of  23  per  cent,  silicon  absolutely 
no  carbon. 

While  it  is  true  that  high  silicon  makes  brittle  pig  iron,  it  does 
not  follow  that  brittle  iron  is  always  high  in  silicon.  During  the 
month  of  August,  1890,  a  large  amount  of  soft  lake  ores,  high  in 
phosphorus,  which  had  accumulated  in  the  stock  house,  were 
put  through  the  furnace.  My  attention  was  very  soon  called  to 
the  weak  and  brittle  nature  of  the  pig  iron,  and  the  brilliancy  of 
its  fracture.  These  were  almost  exactly  that  of  a  three  per  cent, 
silicon  pig  iron,  while  analysis  showed  it  to  contain  only  about 
one  and  one-half  per  cent.     Phosphorus,  however  ran  from  0.850 
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to  0.902  per  cent.,  a  fair  average  analysis  showing  as  follows: 

Per  Cent. 

Graphitic  carbon  3.09 

Combined      "  0.354 

Total        "  3.44 

Silicon  1 .30 

Sulphur  0.01 1 

Phosphorus  0.857 

MauKaue&e ,  0.612 

Since  the  average  phosphorus  in  Hubbard  Scotch  is  about  0.6 
per  cent. ,  it  is  evident  that  in  this  case  the  weakness  and  brilliancy 
were  due  to  increased  phosphorus. 

Since,  to  those  not  in  the  habit  of  handling  pig  iron,  the  dif- 
ference in  the  physical  appearance  of  irons  made  at  a  high  or  a 
low  heat  may  not  be  very  evident,  it  might  be  well  to  insert  here 
in  tabulated  form  a  list  of  the  main  characteristics  whereby  the 
two  can  be  distinguished.  All  other  things  being  equal,  hot  iron 
is  higher  in  silicon  than  cold  iron ;  and  by  close  attention  to 
slight  variations  in  the  heat  received,  and  by  careful  study  of  the 
surface  indications  hereafter  described,  a  skillful  observer  can 
fonn  a  very  shrewd  opinion  as  to  the  percentage  of  silicon  iu  any- 
cast. 


COLD  IRON. 
Flows  thin  in  casting:. 

a.    Sparkles  sligfhtly  in  runner. 
3.    Fills  pig  beds  rapidly. 

Leaves  pifi[  beds  looking:  clean 
and  smootn  after  a  cast. 

If  a  few  beds  are  '*  sheeted  "  or 
covered  by  a  rush  of  iron,  the 
"■sheet"  sinks  into  the  pig 
moulds  and  leaves  only  a  tiiin 
connecting  tissue  of  iron. 

6.  Scrap  and  "  scull  "  iu  runner  is 
thin  ftnd  light. 

7.  Sand  sticks  to  pigs. 

8.  Crystals  small. 

9.  Crystals  dull ,  distinct  and  prom- 
inent. 

10.  Pigs  have  flat  top,  rounded  at 
edges  to  a  slight  convexity. 

11.  Surface  blistered  and  often  con- 
taining air  bubbles. 


13.    Breaks  square  across    with    a 
dull,  tearing  sound. 

13.  Fracture  shows  torn  fragments 
adhering. 

14.  Is  tough  and  strong. 


HOT  IROX. 

1.  Flows  thick,  and  has  a  milLy 
look  while  flowing. 

2.  Does  not  sparkle. 

3.  Requires  much  poling  to  fill 
beds. 

4.  I^eaves  nig  beds  full  of  kish 
and  Sana. 

5.  If  "sheeted,"  the  "sheet "  does 
not  sink  into  pig  mould  but 
forms  a  heavy  connecting  plate 
of  iron. 

6.  Scrap  is  thick  and  heavy, 

7.  Sand  does  not  stick  so  much  to 
pigs. 

8.  Crystals  large,  growing  .small- 
er as  heat  increases. 

9.  Crystals  bright  and  teudiug  iu 
spots  to  assume  a  "mushy  "  or 
closely-fused  appearance. 

10.  Pigs  usually  concave  on  top. 

11.  Surface  smooth,  often  pitted 
with  slight,  smallpox-like  de- 
pressions ;  often  puckered  or 
wrinkled  like  surface  of  thick- 
flowing  fluid. 

la.  Breaks  often  "on  the  bias" 
with  sharp  snap. 

13.  Fracture  clean  and  smooth. 

14.  Is  weak  and  brittle. 
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As  I  have  said,  these  are  the  general  physical  distinctions 
between  hot  and  cold  iron, — that  is,  iron  above  and  below  a  No. 
1  Foundr>'  heat.  Knowing  the  general  average  of  silicon  pro- 
duced by  a  certain  mixture  of  ores — with  a  given  blast  and  coke 
supply — these  physical  differences  will  serve  to  give  an  approxi- 
mate idea  of  the  amount  of  silicon. 

By  far  the  best  criterion  of  silicon  is  that  afforded  by  the  surface 
of  the  pig.  On  all  Hubbard  irons  over  No.  2  Foundry  grade  I 
have  found  certain  peculiar  markings  of  surface,  which  vary  with 
the  silicon  content  and  form  a  standard  of  reference  for  it.  A 
high  silicon  iron,  when  not  roughened  by  kish  or  sand,  has  a 
smooth  and  slightly  wrinkled  or  pitted  surface,  with  a  continuous 
skin,  nowhere  broken,  but  frequently  indented  with  shallow  de- 
pressions or  pits  about  the  size  of  wheat  grains.  This  surface 
is  characteristic  of  medium  and  high  grade  irons  over  2.5  per 
cent,  silicon.  While  the  surface  is  very  difficult  to  describe,  the 
appearance  can  be  readily  seen  by  reference  to  Fig.  i  of  the 
accompanying  illustration,  No.  i  Foundr>'  iron,  silicon,  2.78  per 
cent.  It  will  be  noticed  that  although  the  surface  is  pitted  the 
skin,  or  outer  layer  of  oxide,  is  not  broken,  but  flows  continuously 
over  all  heights  and  depressions  of  the  surface. 

When  the  silicon  is  lowered  to  about  2.5  per  cent,  a  few  small 
angular  holes  appear,  as  if  around  some  of  the  indentations  the 
skin  had  broken  away,  leaving  a  hole  about  one-eighth  inch  in 
depth  with  jagged  and  angular  edges.  These  may  be  seen  in 
Fig.  2;  No.  I  Foundry'  iron,  silicon,  2.59  percent. 

As  the  silicon  decreases,  the  size  and  number  of  these  vSpots 
increase.  Fig.  3  shows  ver>'  plainly  the  surface  of  a  No.  i 
Foundry  pig  containing  2.15  per  cent,  silicon.  As  will  be  seen, 
the  surface  has  about  one-third  of  its  area  covered  by  these  broken 
and  rough  spots.  The  appearance  can  best  be  imagined  by  sup- 
posing the  original  smooth  surface  to  have  cracked  or  peeled 
away,  like  a  coat  of  poorl}'^  applied  paint,  showing  the  rough 
surface  of  the  iron  beneath.  Below  i  .5  per  cent,  the  iron  becomes 
ver>'  rough.  The  original  smooth  surface  has  then  almost  entirely 
disappeared,  and  is  represented  only  by  little  patches  here  and 
there  rising  like  fiat-topped  toad  stools  from  the  rough  iron  below. 
The  upper  surfaces  of  these  ' '  toad  stools ' '  are  on  a  level  with 
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each  other,  and  can  be  readily  seen  to  indicate  the  original  level 
surface  of  the  molten  pig,  which  on  cooling  has  sunk  and  shrunk 
away.  Fig.  4  of  No,  2  Foundry  iron  with  1.36  per  cent,  silicon 
shows  this  peculiarity.  This  the  breakers  term  '*  hickory  iron," 
a  name  aptly  descriptive  both  of  the  surface  appearance  and  the 
toughness  of  the  metal.  The  '*  sharpness"  of  low  silicon  irons, 
as  the  appearance  shown  in  the  illustrations  is  locally  termed, 
while  a  valuable  criterion  of  silicon  percentage  and  of  much  aid 
in  sorting  iron,  is  not  j^pplicable  to  metal  colder  than  No.  2 
F'oundi^'.  For  grades  from  No.  2  Foundry  to  Silvery  the  appear- 
ance here  described  is  characteristic  and  reliable.  In  fact,  I  have 
never  seen  a  Hubbard  Scotch  iron  of  these  grades  in  which  this 
description  did  not  hold  good,  and  by  close  attention  to  the  frac- 
ture and  the  surface  sharpness  I  have  very  frequently  given  and 
have  seen  the  shipping  clerk  give,  an  opinion  on  the  silicon  con- 
tent which  analysis  showed  within  o.i  or  0.2  per  cent  of  the  true 
amount.  In  shipping  iron  direct  from  the  pig  bed  this  method 
of  judgment  becomes  invaluable,  since  it  frequently  happens  that 
a  hot  cast  is  made  showing  every  other  appearance  of  high  silicon 
iron  but  with  more  or  less  *  *  sharpness '  *  of  surface.  If  this  latter 
point  were  not  noticed,  the  iron  might  be  immediately  loaded  for 
shipment  to  a  manufacturer  who  orders  a  high  silicon  iron  and 
is  very  particular  to  procure  it ;  while  if  the  sharpness  of  surface 
is  known  to  be  a  reliable  criterion,  the  iron  would  be  held  for 
analysis  before  loading  on  cars. 

Below  No.  2  Foundry  grade  the  blistered  surface  due  to  lack 
of  heat  appears  and  masks  the  sharpness  of  low  silicon  iron. 
Figs.  5  and  7  show  No.  i  Mill  pig  with  its  characteristic  blistered 
surface  and  open  holes  due  to  breaking  of  blisters  or  air-blows. 
Fig.  6  shows  a  ver>'  cold  gray  forge  iron  of  i  .45  per  cent  silicon. 
The  surface  of  this  is  deeply  marked  with  blisters  and  blow-holes. 

That  the  sharpness  of  surface  here  credited  to  low  silicon  is 
not  brought  about  by  other  agency  is  evident  from  the  fact  that 
although  in  two  years  some  twenty  different  iron  ores  were  used 
in  the  furnace  this  characteristic  alwavs  obtained.  Moreover,  the 
high  phosphorus  iron  mentioned  on  page  462  possessed  even* 
characteristic  of  high  silicon  iron,  except  its  surface,  which  was 
very  nearly  that  .shown  in  Fig.  3,  with  about  one-halt  the  surface 
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covered  with  sharp,  open  spots.  In  high  silicon  mill  irons  men- 
tioned on  page  456,  the  surface  was  smooth  and  clean,  without 
the  blow-holes  and  blisters  usuall}^  prevalent.  This  may  be  due 
to  high  silicon  acting  as  in  steel  castings,  to  prevent  uns'^undness. 

I  am  not  aware  whether  silicon  affects  the  surface  of  other  iron 
as  it  does  Hubbard  Scotch,  but  would  be  glad  to  have  the  opinions 
of  others  on  this  point.  The  only  claim  I  make  for  this  as  a 
criterion  is  that  I  have  found  it  very  reliable  on  Hubbard  Scotch 
Foundry  iron  from  No.  2  Foundry  to  Silvery  grade  and  between 
1.5  and  3  per  cent,  silicon.. 

The  question  of  the  state  in  which  silicon  exists  in  pig  iron  is 
one  that  has  been  often  raised  but  never  satisfactorily  answered. 
The  reason  for  the  obscurity  surrounding  this  question  may  be 
found  in  the  lack  of  practical  value  of  its  solution.  Had  the 
difference  between  graphitic  and  combined  silicon  the  same  metal- 
lurgical importance  as  between  graphitic  and  combined  carbon, 
the  question  would  long  since  have  been  answered.  It  is  stated 
by  some  metallurgists  that  silicon  in  hot  irons  is  both  free  and 
combined,  and  in  cold  irons  it  is  altogether  combined.  That 
silicon  in  hot  irons  does  not  accompany  graphite  in  the  form  of 
scales  or  crystals  may  be  seen  from  the  following  test.  A  large 
sample  of  drillings  was  taken,  in  which  graphitic  carbon  was 
2.98  per  cent,  and  silicon  was  2.96  per  cent.  Now  if  silicon  existed 
in  the  same  form  or  manner  as  graphite,  we  should  expect  it  to 
accompany  graphite  in  equal  proportions.  The  sample  was 
shaken  in  an  eighty  mesh  sieve  and  the  dust  passing  through 
found  to  contain  6.49  per  cent,  of  graphite  and  2.87  per  cent,  of 
silicon.  This  proves  that  silicon  does  not  lie  between  crystals  of 
pig  iron,  or  coat  them,  as  does  graphitic  carbon. 

I  have,  however,  often  noticed  that  silica  which  results  from 
the  analysis  of  iron  has  a  certain  grain,  or  crystalline  form,  re- 
sembling the  iron  analyzed.  For  example:  the  silica  from  a 
No.  I  Foundr>'  iron  appears,  when  filtered,  in  large  translucent, 
gelatinous  crystals,  mixed  with  scales  of  graphite,  giving  the 
insoluble  residue  almost  the  exact  appearance,  except  in  color, 
of  the  iron  from  which  it  was  obtained. 

In  filtering  a  cold  iron,  both  carbon  and  silica  appear  as  a  slimy 
black  precipitate  or  residue  which  usually  takes  a  long  time  to 
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bum  white.  This  is  especially  noticeable  where  a  furnace  is 
driven  hard  and  the  iron,  while  of  fair  grade,  lacks  the  mildness 
and  softness  which  .should  be  present  in  a  good  *' Scotch"  iron. 
In  filtering  the  residue  of  such  irons  the  carbon  and  silica  are 
undi.stinguishable, — both  forming  a  slimy  gray  deposit  in  thc 
ca.sserole.  In  burning  such  residues  the  silica  rarely,  if  ever. 
i>unis  pure  white,  but  retains  a  dull  gray  appearance.  Ofteii- 
tinies  crystals  or  specks  of  black  graphitic  color  are  noticeable, 
which  do  not  yield  to  prolonged  ignition.  These  do  not  appear 
to  be  carbon,  else  they  would  soil  the  fingers  and  would  ultimately 
yield  to  the  heat ;  neither  do  they  appear  to  be  graphitic  silicon, 
since  no  surface  oxidation  is  noticeable  however  the  ignition  be 
prolonged.  Treatment  of  the  iron  with  a  strong  oxidizing  agent, 
such  as  pota.ssium  permanganate  or  bromine,  after  solution,  will 
remove  these.  I  am  inclined  to  believe  that  in  these  and  similar 
cold  irons  a  combination  exists  between  the  combined  carbon  and 
part  of  the  silicon,  and  that  this  accounts  for  the  gray  residue 
and  the  graphitic  specks  noticed  on  ignition.  Moreover,  the  com- 
bined carbon  and  most,  if  not  all,  the  silicon  of  cold  irons  will 
go  into  solution  in  dilute  hot  nitric  acid,  while  the  silicon  of  hot 
irons  remains  gelatinous  under  .similar  treatment.  This  would 
indicate  a  siinilaritv  of  the  condition  of  combined  silicon  and 
combined  carbon.  This  opinion  is  also  strengthened  by  the 
appearance  and  physical  quality  of  such  cold  iron.  To  sum  up 
the  matter,  the  silicon  of  hot  irons  appears  to  be  in  the  form  of 
an  alloy  with  metallic  iron,  forming  a  cr>'stalline  skeleton  around 
and  through  which  pig  iron  of  high  grade  forms  in  its  character- 
istic large  cry.stals,  each  separated  from  its  neighboring  crystals 
by  a  flake  or  scale  of  graphite  which  is  forced  from  .solution  in 
the  iron  by  the  greater  affiinity  of  silicon.  This  crystalline 
skeleton  of  silicon  can  readily  be  .seen  as  silica  on  dissolving  the 
high  grade  iron  and  examining  the  residue,  when  the  white 
masses  of  silica  appear  of  the  same  size  and  shape  as  the  original 
crystals  of  pig  iron.  In  the  lower  grade  colder  irons,  the  silicon 
not  being  present  in  sufficient  quantity  nor  the  heat  of  cast  being 
such  as  to  allow  a  separation  of  the  graphite  in  large  flakes,  the 
silicon  and  part  of  the  carbon  appears  to  remain  chemically  com- 
bined in  the  interior  of  the  iron  crystals.     This  opinion  is.  I 
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must  State,  merely  a  personal  one,  on  which  I  would  be  glad  of 
the  advice  of  others.  Mr.  Keep,  in  Trans.  Mining  Eti^s^incei's , 
17,  700,  notes  what  he  considers  a  combination  of  silicon  and 
combined  carbon  in  certain  castings,  and  Shinier,  Drown,  and 
others  in  late  papers  express  conviction  that  in  certain  irons 
silicon  does  not  appear  to  be  thoroughly  oxidized  by  the  ordinary 
course  of  analysis.  Could  silicon  be  removed  without  oxidation 
from  pig  iron  such  problems  as  its  chemical  relation  and  physical 
condition  therein  would  be  readily  explained. 

SODIUM  CYANID  AS  A  COMPONENT  OF 
POTASSIUM  CYANID. 

By  Thos.  B.  Stillma.v. 

The  valuation  of  potassium  cyanid,  for  commercial  purposes, 
is  dependent  upon  the  amount  of  cyanogen  present,  the  salt  being 
rated  from  **3oper  cent,  cyanid*'  to  '^98  per  cent,  cyanid" — 
the  former  selling  for  twenty  cents  and  the  latter  for  sixty  cents 
per  pound .  The  determination  of  the  percentage  of  cyanogen 
is  usually  made  by  titration  with  semi-normal  silver  solution, 
and  in  chemical  manufactories  where  potassium  cyanid  is  made, 
generally  constitutes  the  entire  analysis.  Potassium  cyanid,  when 
pure,  contains  40  per  cent,  of  cyanogen ;  *'  98  per  cent."  would, 
therefore,  indicate  39.2  per  cent,  of  cyanogen,  and  ' '  30  per  cent. , ' ' 
12  per  cent,  of  cyanogen.  A  sample  of  the  former  recently  sent 
me  for  analysis  gave  by  titration  42.33  per  cent,  of  cyanogen,  or 
a  rating  of  105.87  per  cent.  of. potassium  cyanid.  This  result 
immediately  showed  that  another  base  than  potassium  was  pres- 
ent, and  one  also  whose  combining  weight  was  less.  Sodium 
Ijeing  indicated  by  qualitative  analysis,  a  quantitative  analysis 
of  the  sample  was  necessary  to  determine  the  proportions  of 
potassium  and  sodium  combined  with  the  cyanogen. 

The  method  adopted  was  as  follows :  The  cyanid  was  weighed, 
transferred  to  a  platinum  capsule,  sufficient  water  added  for  solu- 
tion, then  dilute  sulfuric  acid  in  excess  and  contents  evaporated 
to  dr>*ness  and  ignition  to  constant  weight.  This  represented 
sulfates  of  potassium  and  sodium,  and  after  solution  in  water 
and  acidifying  with  hydrochloric  acid,  the  sulfuric  acid  was  pre- 
cipitated and  weighed  as  barium  sulfate  and  calculated  to  SO. . 
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These  determinations  gave  a  method  of  obtaining  the  propor- 
tions of  potassium  and  sodium  in  the  weighed  alkaline  sulfate, 
as  follows: 

«^.2  parts  K9O  require  80  parts  SO9  for  K^SOf. 
62.0      ••      Na^O      '•        80      "     SOt    •'    Xa,S04 
Let  G  =  weigrht  of  sulfates 
•    x=      "         "   KaO 
"     y=  "    Na,0 

Then  G  =  x  +  v+  ~  x  +  ^v 

94.2        62- 

Or.      G=-x  +  y-f-o.8sx+ x.2vy 
x+y=G— SOs 

1.85S0,— o.Hsc; 
^  ~         0-4387 

x=G-(SOs4-y) 

Having  obtained  the  values  of  potassium  oxid  and  sodium 
oxid,  they  are  calculated  to  potassium  and  sodium,  these  weights 
multiplied  by  loo  and  divided  by  the  weight  of  cyanid  taken, 
the  results  being  the  percentages  of  potassium  and  sodium 
respectively  in  the  cyanid.  If  to  these  results  is  added  the  per- 
centage of  cyanogen,  as  determined  by  titration  with  semi-normal 
silver  solution,  the  analysis  is  complete. 

A  sample  of  the  cyanid  above  mentioned  as  containing  sodium 
as  well  as  potassium,  gave  the  following: 


« 


Amount  of  salt  taken  for  analysis.  1.519  srnis. 

Plaliuuin  capsule  and  alkaline  sulfates 46.625  gins. 

44-573     * 

KjSO^-f-Na^SO^ 2.052     •* 

Crucible  and  BaSO^ 25.165  gin». 

22.306     •' 

BaSU^ 2.859     '• 

Equivalent  to  o.</>i  gni.  SO3.    Cyanoj^en  by  titration  was  42.33  per  cent. 

0.4387 

—  o.  i2ojym.  sodium,  or  7.90  per  cent. 

KoO     =2.052 — (0.981  -}-o,r6t)  =0.910  gm. 

—  0.755  jfm.  potassium,  or  49.70  per  cent. 

Ke&ultinif  :  Sodiun: 7.90  per  ceui. 

Potassium 49- 70    " 

Cyanopen 4^.33    *" 

I'ndetermined 0.07    •* 

Total 100.00    •• 

k;quivalent  to  :     Sodium  cyanid 16.90  per  cent. 

Potassium  cyanid  82.83    *• 

Difference 0.20    "        •• 

I'ndetermined 0.07    " 

Total 100,00    •* 
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This  cyanid  of  potassium  and  sodium  (though  marked  potas- 
sium cyanide,  98  per  cent.)  is  sold  at  a  lower  rate  than  the  98 
per  cent,  potassium  cyanid,  and  for  many  purposes  is  superior, 
as  it  contains  a  higher  percentage  of  cyanogen.  An  examination 
of  the  formula  for  its  manufacture  shows  that  it  can  be  made  at 
a  less  cost  than  the  potassium  cyanid  alone.  Potassium  ferro- 
cyanid,  or  sodium  ferrocyanid,  when  heated  in  covered  crucibles 
is  converted  into  potassium  or  sodium  cyanid,  iron  carbid,  and 
nitrogen ; 

2  K,Fe(CN).  =  8  KCN  +  2  FeC,  +  N, 
2  NaFe(CN).=  8  NaCN  +  2  FeC.+  N, 

100  pounds  of  potassium  ferrocyanid,  at  thirty  cents  per  pound, 
produces  70.65  pounds  of  potassium  cyanid,  98  per  cent.,  at  a 
cost  of  forty-two  cents  per  pound ;  and  100  pounds  of  sodium 
ferrocyanid,  at  twenty  cents  per  pound,  produces  64.47  pounds 
of  sodium  cyanid,  98  per  cent.,  at  a  cOvSt  of  thirty-one  cents  per 
pound. 

If  a  mixture  composed  of  1 17  pounds  of  potassium  ferrocyanid 
and  26  pounds  of  sodium  ferrocyanid  be  heated  in  covered 
crucibles,  the  resulting  compound,  weighing  100  pounds,  will 
closely  approximate,  in  composition,  the  sample  submitted  to 
me  for  analysis. 

Laboratory  of  Analytical  Chemistry. 
Strvkns  Institute  of  Technolooy. 
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By  William  J.  Karslakb. 

The  precipitated  potassium  cobaltic  nitrite  is  added  to  a  slight 
excess  of  caustic  soda  or  potash  and  boiled  until  entirely  decom- 
posed (until  supernatant  liquid  is  colorless)  into  cobaltic  hydroxid 
and  potassium  nitrite.  To  the  filtrate  j^  potassium  perman- 
ganate is  added,  drop  by  drop,  to  violet  color ;  then  two  or  three 
drops  of  dilute  sulfuric  acid  over  and  above  that  necessary  to 
saturate  the  excess  of  sodium  or  potassium  hydroxid,  and  then 
potassium  permanganate  in  excess,  shaking  thoroughly  during 
the  operation.  The  dark  violet  liquid  is  then  strongly  acidified 
with  sulfuric  acid  (concentrated) ,.  heated  to  about  80°  C,  and 
the  excess  of  potassium  permanganate   determined  either   by 
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direct  titration  with  y\^  oxalate  or  by  adding  excess  of  y^j  oxalate 
and  re-titrating  the  excess  with  potassium  permanganate.  This 
gives  the  N^O,  from  which  the  cobalt  may  be  calculated. 

0.591 1  gms.  K3Co(NO,)e  +  H,0  gave  (with  KOU)  12.49^  Co. 
0.5292     "  '*  *   (with  NaOH)  12.485^  Co. 

Thcor>',  12.554. 

As  the  water  of  cr>'Stallization  is  not  definite  and  constant,  this 
may  be  the  reason  for  the  lowness  of  the  results. 

This  is  practically  Kinnicutt*s  method  for  titration  of  alkaline 
nitrites.  It  is  supposed  that  the  alkaline  solution  is  suflSciently 
dilute  from  the  washings  before  titration. 


THE   DETERMINATION   OF   POTASH    BY   THE 
METHOD  OF  LINEJO,  AS  MODIFIED 

BY  GLADDING. 

[Prom  the  Laboratory  of  Brbybr  and  Schavettzer,  159  Front  St..  N.  Y.  Cit\'.] 

Differences  in  the  results  of  determinations  of  potash  in  potash 
salts  caused  us  to  investigate  critically  the  method  of  Lindo  as 
modified  by  Gladding,  which  is  adopted  as  the  official  method 
by  the  Association  of  Official  Agricultural  Chemists.  While  our 
results  showed  differences  of  one  and  more  per  cent,  when  com- 
pared with  those  obtained  by  the  official  method,  our  results 
agreed  generally  well  with  those  obtained  by  chemists  who 
applied  the  same  method  as  we  did — ^the  method  recommended 
and  described  by  R.  Fresenius. 

The  main  difference  of  the  two  methods  is  that  the  one  of 
Lindo,  as  modified  by  Gladding,  does  not  require  the  conversion 
of  the  sulfates  into  chlorids  before  the  precipitation  by  chlorid 
of  platinum.  R.  Finkener  {Handbnch  dcr  analytischen  Chtnue 
v<yn  H,  Rose,  6  Aufl.  von  R,  Finkener^  2,  923)  recommends  a 
method,  which  permits  the  estimation  of  potash  directl)-  in  the 
sulfates,  provided  that  only  the  sulfates  of  sodium  and  potassium 
are  present. 

Naturally  the  question  arises,  whether  this  may  be  done 
safely  in  the  analysis  of  potash  salts  containing  other  compounds 
besides  the  sulfates  of  potassium  and  sodium.  As  to  the  necessity 
of  removing  the  sulfates  by  application  of  the  chlorid  of  platinum 
method,  we  find  the  following  opinions  in  Fresenius,  Quantita- 
tive Analysis,  2,  291:  "The  question  [is  it  necessar\' to  precipitate 
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the  sulfuric  acid]  is  denied  by  Teschemacher  and  Smith,  if,  as 
is  the  case  with  saltpeter,  only  a  little  sulfuric  acid  is  present  and 
if  it  is  combined  with  alkali  or  magnesia.     The  question  is  to  be 
answered  in  the  afl&rmative  in  the  case  of  the  analysis  of  chlorid 
and  sulfate  of  potash,  where  the  presence  of  sulfate  of  calcium 
and  a  great  number  of  other  sulfates  is  to   be  considered.     This 
has  been  emphasized  by  Stohmann,  and  in  case  of  the  presence 
of  a  larger  amount  of  sulfates  by  G.  Krause."     In  order  to  find 
the  reasons  which  induced  the  Association  to  adopt  the  method 
of  lyindo,  as  modified  by  Gladding,  we  made  a  thorough  study 
of  the  reports  of  the  proceedings  of  the  Association.     In  Bulletin 
No,  7  of  the  Department  of  Agriculture  we  find  a  comprehensive 
digest  of  the  literature  appertaining  to  the  determination  of  potash 
up  to    1885.     In  this   Bulletin   there  is  described   the  method 
which  was  adopted  by  the  Association  of   Ofiicial  Agricultural 
Chemists  at  the  meeting  in  Philadelphia,  in  September,   1884. 
This  method  requires  the  removal  of  the  sulfates.     After  des- 
cribing the  methods  of  Stohmann,  G.  Krause,  West,  and  Ulex, 
the  method  of  R.  R.  Tatlock  is  cited.     Then  there  is  given  the 
result  of  a  comparison  made   by   Zuckschwerdt  and   West  of 
the  method  of  Tatlock  and  that  of  Fresenius,  the  final  conclusion 
being  in  favor  of  the  latter.     "The  radical  defect  of  Tatlock 's 
method  is  found  in  the  solubility  of  potassium  chloroplatinate  in 
solutions  of  platinic  chlorid.     In  any  case  the  method  could  only 
be  used  successfully  in  the  absence  of  other  acids  than  hydro- 
chloric acid.*'     An  extract  of  Lindo*s  paper  and  method  is  given 
without  any  comment.     After  a  number  of  extracts  from  papers 
of  minor  interest,  the  description  of  comparative   experiments 
executed  by  Wheeler  and  Crampton  and  the  recommendations 
of  the  Committee  on  Potash,  the  full  text  of  Gladding's  paper 
(On  the  Estimation  of  Potash)  is  quoted. 

Gladding  starts  with  the  surprising  statement,  that  the  method 
of  Tatlock  is  (or  was  at  that  time)  a  strongly  advocated  modifi- 
cation of  the  (then)  official  method,  this  method  having  **the 
great  advantage  of  estimating  potash  directly,  whether  in  the 
iorm  of  chlorid,  sulfate,  or  nitrate.*'  That  this  is  not  the  case 
was  shown  by  Zuckschwerdt  and  West.* 

•Ztschr.  anal.  Chcm.,  ao,  185. 
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The  statement  "Again,  it  has  been  found  that  even  when  the 
platinum  solution  gives,  in  a  blank  experiment,  a  residue  perfectly 
soluble  in  alcohol,  it  may,  from  the  presence  of  certain  impurities, 
give  results  far  too  high  when  working  with  chemically  pure 
chlorid  of  potassium*'  is  not  intelligible.  If  this  should  be  the 
case,  the  determination  of  potash  by  chlorid  of  platinum  would 
be  entirely  out  of  the  question.  But  we  are  not  aware  that  any 
body  except  Gladding  has  made  this  improbable  obser\'atioii. 
From  these  considerations  and  the  alleged  difficulty  of  remo\'ing 
all  sulfuric  acid,  etc.,  Gladding  concludes  that  **the  greater 
tendency  to  error  is  at  once  e\'ident.  "  That  is  to  say,  he  con- 
siders the  method  of  Fresenius  as  unreliable  and  troublesome, 
and  he  would  prefer  the  method  of  Tatlock  if  it  was  not "  for  the 
one  objection  that  there  is  a  loss  var>'ing  from  o  to  0.5  percent.  '* 
For  the  same  reason  ( ' '  the  labor  and  great  care  required  to 
make  an  accurate  potash  estimation  by  the  standard  method") 
an  examination  of  the  method  of  Lindo  was  made.  This  exami- 
nation showed  that  for  chemically  pure  chlorid  of  potassium 
Lindo's  method  gave  good  results,  while  for  sulfate  of  potash  the 
results  were  found  to  be  too  high  and  Gladding  suggests  **  It  may 
be  that  the  presence  of  free  sulfuric  acid  causes  the  error." 
Gladding  is  evidently  led  to  this  belief  through  Lindo's  supposi- 
tion that  in  estimating  potash  in  sulfate  of  potash  in  the  presence 
of  sufficient  hydrochloric  acid  and  chlorid  of  platinum  the  reaction 

K,SO,  +  2HCI  +  PtCl,  =  K,PtCl,  +  H,SO, 

takes  place. 

In  order  to  avoid  the  mistake  arising  from  the  presence  of  free 
.sulfuric  acid,  Gladding  recommends  an  addition  of  chlorid  of 
vsodium,  and  gets  by  this  alteration  ''very  satisfactor>'  results  as 
regards  accuracy. ' ' 

The  above  reaction  is  not  ver>'  plausible,  and  the  presence  of 
free  sulfuric  acid  ought  to  be  proven  before  an  improvement  is 
based  on  this  assumption.  We  think  that  in  the  presence  of 
sufficient  chlorid  of  platinum  the  reaction  is  more  likely  to  take 
place  according  to  the  formula 

2K,S0,  +  3PtCl,  =  2K,PtCl„+  Pt(SO,), 
This  is  at  least  the  reaction  on  which  R.  Finkener  bases  his 
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method  of  separating  sodium  and  potassium  in  case  these  bases 
are  present  as  sulfates.  But  even  conceding  the  presence  of  free 
sulfuric  acid,  it  is  not  clear  what  induces  Gladding  to  believe 
that  this  would  cause  too  high  results.  Lindo's  opinion  as  to 
this  point  ought  to  have  been  known  to  him.  Lindo  says:  **  If 
the  reaction  is  complete  there  will  be  nothing  to  remove  from  the 
precipitate  that  alcohol  is  not  capable  of  dissolving  and  resort  to 
aqueous  fluids  in  washing  is  therefore  unnecessary.  If  the 
reaction  is  not  complete,  of  course  we  cannot  obtain  accurate 
results,  however  we  may  wash,  etc.,  etc."  This  shows  that 
Lindo  was  not  quite  sure  about  the  completeness  and  nature  of 
the  reaction.  Moreover,  the  presence  of  free  acid  would  tend  to 
lower  the  results  as  potassium  chloroplatinate  is  considerably 
more  soluble  in  alcohol  containing  free  acids  than  in  neutral 
alcohol.  We  see  from  these  simple  considerations  alone  that  the 
addition  of  chlorid  of  sodium  is  not  necessary,  and  that  the 
expected  effect  stands  in  opposition  to  the  facts.  This  is  further 
proven  clearly  by  Mr.  Winton's  paper  '*0n  the  Use  of  Sodium 
Chlorid  in  the  Lindo-Gladding  Method  of  Determining  Potash ' ' 
presented  at  the  meeting  of  the  Association  of  Official  Agricul- 
tural Chemists  in  189 1. 

Notwithstanding  the  evident  defects  of  the  method  and  the 
ver>'  unsatisfactory  results  obtained,  it  was  adopted  as  the  leading 
method  at  the  meeting  of  the  Association  in  1887. 

By  looking  over  the  results,  obtained  by  the  method  and  pub- 
lished in  the  Bulletins  of  the  Department  of  Agriculture,  we  see 
enormous  differences,  of  which  the  following  is  an  example 
(Bulletin  No.  28,  p.  71)  : 

High.  I^w. 

1.  Kainite,  12.73  11.29 

2.  Cotton-seed  meal, 2.15  1.33 

3.  Commercial  fertilizer. 4.38  3.85 

4.  High  grade  fertilizer 4.2.S  3.67 

The  figures  show  the  results  of  the  different  analyses  reduced 
to  the  same  amount  of  moisture.  As  the  different  analysts  found 
very  different  percentages  of  moisture,  we  have  computed  in  the 
annexed  table  the  results  for  dry  substance.  This  lessens  the 
differences  somewhat,  but  still  they  are  large  enough  to  justify 
the  greatest  suspicion  as  to  the  merits  of  the  method. 
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TABl,E  I. 

TABLE  II. 

Number. 

• 

■2 
1 

9.8o 

t                    • 

JB 
T. 

.  i 

«     (A 

ft 
»£> 

I 

i   -S  t 

1 

i     i 

B 
1       « 

0 

1 

K 
1*^ 

1   i 

1    s  % 

'     •••  s 
*  5 

S  .£ 

5." 

^  u 

•0 

1) 

1? 

s  > 

I 

11.81 

13.09 

0.03 

6.25 

1.874 

3.00 

0.09 

3 

9.68 

".51* 

12.75 

0.36 

1     6.91 

3.144 

3J0 

0.39 

3 

8.69 

la.oi 

1315 

0.04 

7.69 

1.60                     1.73 

0.1S 

4 

11.72* 

".97* 

1356 

0.45 

5 

8.67 

12.78 

13.99 

0.88 

6.45 

1.834                   1.96 

0.05 

6 

9.80 

12-33 

13.67 

1         0.56 

1     8.15 

1-31             1.43 

048 

9.07 

11.76 

12.93 

1         0.18 

6.44 

!       I.&5       '      1.66 

0.5 

9 

9.19 

11.31 

12.45 

0.66 

5.92 

1.67      1       1.77 

0.14 

10 

10.01 

13.06 

13.40 

0.39 

1     6.15 

3. 1 1                 3.35 

0.W 

II 

6.97 

ii-M 

13.40 

■         0.71 

6.51 

1.754 

1.88 

ao3 

12 

9.23 

11.7a 

13.91 

o.ao 

6.ao 

1.96 

3.09 

aiS 

Averagre 

— 0.36 

—0.11 

9.35 

11.89 

13.11 

+0.44 

6.67 

1,7s                I.qi 

+o.n 

• 

• 

t 

1 

1 

PABI^E  II 

I. 

TABLE  IV. 

• 

•a 

1 

• 

i 

is 

■0 

• 

«  > 

1 

« 

1 

•5 

1 

j: 

*        1 

Si 

X  m 

I 

18.40 

3.874 

4.75 

1 

0.39 

i    9.53 

3.674     1      4-06 

0.33 

2 

18.69 

4.014   1 

4.94 

0.10 

9.87 

3.874           4.30 

ao9 

3 

17.96 

3.95     ' 

4.83 

0.22 

1     9.32 

3.89 

4.29 

0.10 

4 

17-32 

4.1^ 

5.09 

0.05     1 

i    8.90 

4.03 

4.42    , 

0.03 

5 

18.46 

4.33     ' 

5.31 

0.37 

9.61 

4.23         ]         4.67 

aaS 

6 

20.37      1 

4.28    _ 

5.37 

0.33 

11.40 

4.01                  4.63 

0.14 

18.03 

4.09    , 

4.99 

o.c)5 

9.60 

3.60         1         4.31        , 

0.0K 

9 

17.68 

4.30 

5.10        1 

0.06 

14.51 

4.0a    '    4.70   ; 

0.3^ 

lO 

17.87      , 

4.00    ' 

4.87 

0.17      j 

8.99 

3.624 

4.30 

ai9 

II 

19.40 

4." 

.S.IO 

0.06      1 

10.02 

4.07 

4.52 

ai3 

12 

20.78      1 

4.08    1 

5.15 

O.Il 

9.39 

3.96 

4.37 

0.02 

1 

1 

— 

Averajfe  —0.17  — o-U 

16.68  4.10  5.04         -1-0.15  10.09  3.95  4.39       -K*3 

(No.  8  and  No.  4  in  Table  II  are  left  out.  as  no  moiftture  is  given.) 

We  have  made  a  great  number  of  determinations  of  potash  in 
potash  salts  by  the  official  method  and  by  the  method  of  Fresenius 
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and  we  have  invariably  found  great  differences  in  the  results. 
By  examining  the  precipitates  obtained,  we  found  that  those 
obtained  by  the  official  method  generally  were  contaminated  by 
sulfuric  acid,  lime,  magnesia,  and  ammonia.  We  found  that  in 
some  cases  the  official  method  gave  higher  results,  but  mostly 
lower  results,  notwithstanding  the  impurity  of  the  precipitate. 
Especially  in  salts  containing  sulfate  of  magnesium  the  differences 
were  large ;  and  this  observation  led  us  to  a  thorough  investiga- 
tion of  the  method. 

As  the  precipitates  obtained  by  the  official  method  contained 
magnesia,  lime,  ammonia,  and  sulfuric  acid,  and  still  the  results 
were  often  found  to  be  too  low,  we  had  to  find  the  corresponding 
amount  of  potash,  which  must  have  been  lost  in  the  different 
operations.  For  this  purpose  we  examined  at  first  the  different 
washings.  We  had  no  difficulty  in  determining  potash  in  the 
alcohol  washings,  but  on  attempting  to  determine  the  potash  in 
the  25  c.c.  chlorid  of  ammonium  solution  by  evaporating  the 
same  to  dryness  and  driving  off  the  chlorid  of  ammonium  by 
ignition,  satisfactory  results  could  not  be  obtained,  and  the 
following  method  had  to  be  employed : — 

A  quantity  of  hydrate  of  barium  (7  gms.  Ba(OH),)  more  than 
sufficient  to  expel  all  the  ammonia  contained  in  25  cc.  of  a  half 
saturated  chlorid  of  ammonium  solution  (4.37  gms.  NH^Cl)  was 
added  and  the  liquid  boiled  until  all  the  ammonia  was  driven  off, 
then  a  solution  of  sulfuric  acid  was  added,  which  was  titrated 
against  the  hydrate  of  barium  solution  and  which  was  not  quite 
sufficient  to  precipitate  all  the  barium.  By  evaporating  to  dry- 
ness on  the  water-bath,  nearly  all  the  chlorin  present  was  driven 
off  as  hydrochloric  acid.  The  precipitate  of  sulfate  of  barium 
was  repeatedly  treated  with  boiling  water,  filtered  off,  and  the 
filtrates  were  evaporated.  The  excess  of  barium  and  any  lime 
present  were  precipitated  by  carbonate  of  ammonium  and  oxalate 
of  ammonium.  Then  the  magnesia  was  eliminated  by  the  oxalic 
acid  pi:ocess  and  the  resulting  carbonates  of  sodium  and  potassium 
were  transformed  into  chlorids  and  potash  was  estimated  as 
chloroplatinate  of  potassium.  By  this  method  very  small  quan- 
tities of  potash  could  be  determined  in  the  different  washings. 

The  following  is  an  example  of.  an  investigation  of  the  results 
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obtained  for  a  sylvinite  by  the  method  of   Fresenius  and  the 
method  of  Lindo  as  modified  by  Gladding : 

Method  of  Fresenius,  potash,  15.45  per  cent. 

"    Lindo-Gladdingr.  "        14.85    " 


The  precipitate  obtained  by  Fresenius*  method  was  found  to  be 
free  from  ammonia,  lime,  magnesia,  and  sulfuric  acid. 

500  cc.  of  the  half  saturated  chlorid  of  ammonium  solution 
were  treated  according  to  the  official  directions  for  twenty-four 
hours  with  i  .7042  gms.  of  dry  chloroplatinate  of  potassium,  which 
weighed  after  treatment  i  .61 87  gms. ;  dissolved  portion  was  there- 
fore 0.0855  S^'  This  would  indicate  that  25  cc.  should  contain 
0.0043  g^-  chloroplatinate  of  potassium,  while  the  direct  deter- 
mination gave  0.0091  gm.  By  examining  the  residue  of  1.6187 
gms.  for  ammonia,  it  was  found  to  contain  ammonia  equivalent  to 
0.0960  chloroplatinate  of  ammonium.  In  order  to  make  sure  that 
the  ammonia  was  not  due  to  chlorid  of  ammonium  contained  in 
the  residue,  another  part  was  carefully  washed  with  absolute 
alcohol  and  analyzed  for  ammonia  with  the  same  result  as  before. 
Therefore,  in  the  chlorid  of  ammonium  solution  there  is  contained 
an  additional  amount  of  potash,  equivalent  to  0.0960  gni.  chloro- 
platinate of  ammonium.  This  potash  is  equal  to  0.1051  gm.  of 
chloroplatinate  of  potassium.  500  cc.  of  the  chlorid  of  ammonium 
solution  contains,  therefore,  potash  equivalent  to  0.0855  gm.+ 
0.105 1  gm.:=:  0.1906  gm.  chloroplatinate  of  potassium  and  25  cc. 
contain  0.0095  gm.  chloroplatinate  of  potassium. 

This  agrees  very  well  with  the  direct  determination,  and, 
therefore,  we  used  for  all  results  the  correction  of  0.0093  &^' 
chloroplatinate  of  potassium. 

Oni.  KjPtCl,. 

The  alcoholic  washitij^s  contained  potash  equivalent  to 0.0105 

The  first  25  cc.  of  chlorid  of  ammonium  solution  contained  potash 

equivalent  to o.oi 22 

The  second  25  cc.  of  chlorid  of  ammonium  solution  and  the  last 

alcoholic  washin^i^s  contained  potash  equivalent  to 0.0^35 

0.0457 
I«esK  2x  correction 0.01H6 

o  0271       0.0271 

0.0376 
Hqual  to 0,0073  >fni.  potash.    This  is  for  0.5  gm.  substance  analyzed,  equal  to  1.46*- 

These  figures  show  that  by  the  different  washing  operations 
required  in  the  Lindo-Gladding  method  an  amount  of  potash 
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equal  to  1.46  percent,  is  removed  from  the  precipitate,  while  the 
difference  of  the  results  (15.45  percent.,  14.85  per  cent.)  is  only 
0.60  per  cent.  The  balance  of  the  actual  loss  and  the  apparent 
loss  must  have  been  made  up  by  impurities  in  the  precipitate  of 
chloroplatinate  of  potassium.  Indeed,  the  analysis  of  this  precipi- 
tate showed  that  it  contained  ammonia  equivalent  to  o.oi  76  gm.  of 
chloroplatinate  of  ammonium.  This  calculated  for  potash  would 
give  0.0034  giw-  oi  potash,  or  for  0.5  gm.  of  substance  analyzed 
0.68  per  cent.  The  remaining  0.18  per  cent,  consists  of  sulfuric 
acid  and  magnesia.  This  thorough  examination  of  the  wa.shing 
liquids  was  repeated  for  a  number  of  different  commercial  potash 
salts  with  the  same  or  verv  similar  results.  In  all  cases  we  found 
the  precipitate  of  chloroplatinate  of  potassium  contaminated  by 
ammonia  and  in  many  cases  by  sulfuric  acid,  magnesia,  and  lime. 
From  these  experiments  the  following  conclusions  must  be 
necessarily  derived: 

1.  The  addition  of  chlorid  of  sodium  is  unscientific  and 
injurious  to  the  exactness  of  the  results,  on  account  of  the 
eiionnous  amount  of  alcohol  required  for  washing  the  precipitate. 
The  wash  alcohol  generally  contained  potash .  On  one  occasion  420 
cc.  of  alcohol  were  used  before  a  colorless  filtrate  was  obtained. 

2.  The  necessity  of  using  such  large  quantities  of  wash  alcohol 
in  combination  with  the  other  wash  operations,  makes  it  very 
doubtful  whether  the  method  of  lyindo  as  modified  by  Gladding 
is  a  simplification  of  Fresenius'  method. 

3 .  By  washing  the  precipitate  with  the  prCvScribed  half  saturated 
chlorid  of  ammonium  solution  a  partial  decomposition  takes 
place,  chlorid  of  potassium  being  washed  away,  while  chloro- 
platinate of  ammonium  remains  on  the  filter. 

4.  The  removal  of  the  impurities  from  the  precipitate  is  not 
complete,  especially  in  the  presence  of  the  sulfates  of  magnesium 
and  calcium. 

5.  The  method  is  therefore  entirely  unreliable  ;  the  results  are 
sometimes  too  high,  sometimes  too  low,  according  to  the  amount 
and  quality  of  the  impurities  contained  in  the  potash  salts. 

The  .sooner  this  method  is  abandoned  the  better  for  all  concerned, 
for  those  who  buy  and  sell  potash  salts  and  for  the  chemi.sts  who 
are  expected  to  give  satisfactorily  agreeing  tests. 


VOLUMETRIC  DETERMINATION  OF  MERCURY.* 

By  Rod.  Namias. 

The  volumetric  process  to  be  explained  is  applicable  only  to 
mercuric  chlorid,  into  which  every  other  compound  must  be  pre- 
viously converted.  The  nitrate  must  be  treated  with  hydrochloric 
acid  in  excess,  and  evaporated  to  dryness ;  the  mercurous  salts 
are  submitted  to  evaporation  in  presence  of  hydrochloric  acid 
and  of  potassium  chlorate. 

The  evaporation  must  be  conducted  with  care  at  a  temperature 
below  that  of  ebullition,  so  as  to  avoid  any  loss  of  mercuric 
chlorid  by  volatilization. 

The  process  depends  upon  the  following  principle:  If  to  a 
solution  of  mercuric  chlorid,  slightly  acidified  with  hydrochloric 
acid,  we  add  a  solution  of  stannous  chlorid,  the  mercuric  chlorid 
is  reduced  first  to  the  mercurous  state  and  then  to  metallic 
mercury.  But  whilst  the  first  reaction  is  nearly  instantaneous, 
the  second  takes  a  longer  or  shorter  time,  so  much  the  longer  as 
the  excess  of  the  stannous  chlorid  is  less. 

If  we  have  a  reagent  by  which  we  can  recognize  the  moment 
when  the  stannous  chlorid  is  in  excess  for  the  first  reaction,  and 
begins  to  produce  the  second,  we  may  by  this  means  determine 
the  mercury  volumetrically. 

The  reagent  for  detecting  the  presence  of  stannous  chlorid  in 
excess  is  sodium  molybdate.  I  dissolve  a  small  quantity  of 
molybdic  anhydrid  in  a  solution  of  sodium  hydroxid  or  carbonate ; 
I  steep  in  this  liquid  a  morsel  of  filter  paper,  which  I  spread  out 
whilst  wet  upon  a  plate  of  porcelain*.  The  solution  of  molyb- 
date ought  to  be  freshly  prepared,  and  the  paper  of  good  quality; 
it  must  not  take  a  yellow  tint  on  immersion  in  the  alkaline  liquid. 
The  paper  must  be  steeped  in  the  molybdate  only  a  little  time 
before  the  experiment,  so  that  it  may  not  have  time  to  dry. 

The  paper  thus  prepared  shows  a  relatively  slight  excess  of 
stannous  chlorid,  which  communicates  to  it  according  to  its 
quantity  a  color  varying  from  the  lightest  sky-blue  to  an  intense 
blue.     This  color  is  due  to  the  reduction  of  the  molybdic  acid. 

♦Chcm.  News,  from  Revue  Universelle  des  Mines. 
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Ammouium  molybdate,  less  stable  than  sodium  raolybdate,  is 
less  fit  for  use. 

The  determination  of  the  value  of  the  stannous  solution 
may  be  made  by  means  of*  a  standard  solution  of  iodin ;  but  it 
is  preferably  effected  by  operating  upon  a  known  quantity  of 
pure  mercuric  chlorid  obtained  by  sublimation. 

If  we  operate  with  iodin  we  obtain  a  slight  error  in  excess 
due  to  the  small  quantity  of  stannous  chlorid,  which  must  be  used 
in  excess  to  mark  the  end  of  the  operation  by  spotting  upon  the 
molybdate  paper.  In  any  case  it  is  well  to  determine  the  stand- 
ard of  the  stannous  solution  by  means  of  iodin  approximately,  if 
not  exactly;  this  serves  as  a  control,  and  facilitates  at  the  same 
time  the  exact  titration  by  means  of  mercuric  chlorid. 

To  prepare  the  solution  /of  stannous  chlorid  I  dissolve  2  to  3 
gms.  tin  by  means  of  hydrochloric  acid,  and  dilute  it  to  i  liter. 
This  solution  is  preserved  in  an  apparatus  which  prevents 
alteration  by  contact  with  air.  I  determine  its  strength  as 
follows: — 0.2  to  0.4  gms.  of  mercuric  chlorid  weighed  exactly 
are  dissolved  in  50  cc.  of  distilled  water,  and  acidulated  with 
J  cc.  of  concentrated  hydrochloric  acid.  Into  this  cold  solution 
the  stannous  solution  is  allowed  to  flow  from  a  burette.  If  the 
detemination  of  the  standard  has  been  previously  made  with  iodin, 
we  may  pour  in  at  once,without  fear  of  overstepping  the  limit, 
the  volume  is  determined  by  calculation  from  the  titration  with 
iodin;  we  then  add  the  liquid  drop  by  drop,  stirring  carefully, 
and  each  time  putting  a  drop  of  the  mixture  with  the  stirring-rod 
upon  the  molybdate  paper.  An  excess  of  a  few  drops  of  the 
stannous  liquid  turns  the  paper  to  a  pale  blue,  which  becomes 
manifest  after  a  few  seconds,  and  which  an  experienced  eye  easily 
recognizes. 

To  obtain  a  well  marked  coloration,  it  is  necessary  to  use  an 
excess  of  from  0.3  to  0.5  cc.  for  50  cc.  of  liquid.  The  small 
quantity  of  mercurous  chlorid  placed  upon  the  molybdate  paper 
whilst  **  spotting  "  has  no  injurious  influence  upon  the  result. 

The  proportion  of  free  hydrochloric  acid  contained  in  the  liquid 
should  be  about  0.5  cc.  to  50  cc.  of  the  liquid;  a  larger  propor- 
tion may  occasion  errors  from  its  action  upon  the  molybdic  acid 
in  presence  of  filter  paper. 
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To  obtain  exact  results  we  must  operate  each  time  exactly  as 
when  standardizing  the  liquid.  We  must,  as  far  as  possible, 
operate  upon  the  same  volume  of  liquid » in  presence  of  the  same 
proportion  of  hydrochloric  acid,  and  obtain  spots  of  the  same 
intensity  upon  the  molybdate  paper. 


NOTE  ON  MILK  ANALYSIS. 

By  Dr.  Bennett  F.  Davbnport. 

To  restore  to  the  emulsion  any  small  quantity  of  butter  fat 
which  may  have  become  churned  out  in  a  sample  of  sweet  milk 
which  is  to  be  analysed,  I  have  usually  found  the  addition  of 
about  one  per  cent.,  by  volume,  of  ether,  and  a  good  shaking 
up  of  the  sample,  to  be  all  that  was  needed.  The  diminution  in 
the  weight  of  the  results  of  the  analysis  caused  by  this  dilution 
of  the  sample  by  the  ether  is  too  small  to  call  for  any  correction, 
being  well  within  the  usual  limits  of  variation  from  manipulation. 
It  is  simple  enough,  however,  to  allow  for  it.  I  report  this  simple 
device,  never  having  seen  it  recommended. 


Map  of  Normal  Waters  of  New  York  State.— Prof.  Wm. 

P.  Mason,  of  Troy,  N.  Y.,  writes  as  follows  to  the  Editor:  I 
would  be  obliged  if  you  would  mention  the  fact  that  I  am  indi- 
vidually at  work  upon  a  map  of  "normal"  (t.  e,,  unpolluted) 
waters  of  the  state  of  New  York,  and  would  be  glad  of  assist- 
ance in  the  shape  of  copies  of  already  existing  analyses  of  reiiablf 
waters,  with  geographical  and  local  descriptions,  etc.  My  object 
is  to  eventually  so  map  the  state  as  to  be  able  to  say  how  a  sur- 
face, hill»  rain,  or  spring  water  should  commonly  run  in  any  given 
locality.  As  you  know  Massachusetts  has  some  such  matter  for 
chlorin. 
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STANDARD  lODIN  SOLUTION:  A  METHOD  FOR  ITS 

PREPARATION. 

By  H.  X,.  Paynb. 

Of  the  methods  proposed  for  determining  sulfur  in  iron  and 
steel,  that  first  suggested  by  Elliott  (Chemical  News,  28, 6i)  merits 
attention  on  account  of  the  ease  and  celerity  of  manipulation,  as 
well  as  accuracy  of  results  obtained.  This  last  point  has  been 
held  in  question  by  many  chemists,  but  the  record  obtained 
by  Lee  S.  Clymer,  of  the  Crane  Iron  Co.'  (see  this  Journal  for 
June,  1892)  places  it  on  a  par  with  those  longer  methods  which 
have  been  considered  highly  accurate. 

The  essential  feature  of  Elliott*s  method  is  the  titration  of  the 
sulfur  evolved  as  hydrogen  sulfid ,  with  a  standard  solution  of  iodin . 
Several  methods  are  in  use  for  the  preparation  of  this  solution  of 
iodin. 

The  one  given  in  Blair  is  tedious,  in  that  it  involves  the  use  of 
two  other  standard  solutions,  one  of  potassium  bichromate,  and 
another  of  sodium  thiosulfate,  as  well  as  an  indicator  solution  of 
starch ;  moreover,  the  use  of  ammonium  carbonate  to  retard  the 
decomposition  of  the  thiosulfate  introduces  a  serious  error  in  the 
titration,  as  has  been  pointed  out  by  Topf  {Ztschr.  anal,  Chem,, 

1887,  P-  137)- 

Mohr*s  method  by  weighing  clear  crystals  of  thiosulfate  and 
Fresenius'  method  by  re-subliming  and  weighing  the  iodin 
direct,  are  both  shorter  and  better. 

A  solution  may  also  be  made  suflSciently  exact  for  most  uses 
by  weighing  four  gms.  iodin  to  the  liter  where  five  gms.  of  iron  are 
taken  for  analysis,  but  like  all  the  above  methods,  it  involves  an 
uncertain  error. 
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We  have  used  for  some  time  the  following  method  and  find  it 
eminently  satisfactory  in  every  way.  It  depends  upon  the  re- 
action between  potassium  permanganate  and  potassium  iodid  in 

solution : 

K,Mn.O,  +  loKI  =  lol  +  2MnO  +  6K,0 

SuflScient  acid,  preferably  sulfuric,  is  added  to  keep  the  man- 
ganese in  solution  and  to  render  the  fluid  slightly  acid.  This 
reaction  takes  place  in  the  cold  and  proceeds  to  completion  even 
in  dilute  solutions.  The  strength  of  the  permanganate  solution 
being  known,  we  can  readily  determine  the  amount  of  iodin 
liberated.  One  equivalent  of  potassium  permanganate  liberates 
ten  atoms  of  iodin,  or  oxidizes  ten  atoms  of  iron.  Hence,  one 
atom  of  iron  corresponds  to  one  atom  of  iodin,  and  as  one  atom 
of  sulfur  reacts  with  two  atoms  of  iodin,  two  atoms  of  iron  equal 
one  atom  of  sulfur ;  or  128  gms.  iron  are  equivalent  to  thirty-two 
gms.  sulfur.  Therefore,  the  sulfur  value  of  our  permanganate 
solution  will  be  j^  or  one-fourth  of  its  iron  value. 

In  preparing  a  standard  iodin  solution  by  this  method,  we  are 
accustomed  to  proceed  as  follows : — 

Take  about  ten  gms.  potassium  iodid  in  a  liter  flask ;  add  ten 
to  fifteen  cc.  dilute  sulfuric  acid,  and  run  in  the  calculated 
amount  of  potassium  permanganate  solution  from  a  burette. 
Agitate  a  few  moments  until  the  reaction  is  complete  and  the 
solution  clears,  and  dilute  to  the  mark  with  water.  A  liter  of 
such  a  solution  can  be  prepared  inside  of  two  minutes  in  any 
laboratory  having  a  standard  permanganate  -solution  constantly 
on  hand,  and  there  is,  therefore,  no  necessity  for  keeping  a  stan- 
dard iodin  solution  long  enough  to  have  it  change  materially. 

A  solution  of  permanganate  such  as  is  used  in  Emmerton's 
method  for  phosphorus  titrates  6. 141  gms.  iron  per  liter,  and  of 
such  a  solution  325.7  cc.  will  make  one  liter  of  iodin  solution 
titrating  o.oi  per  cent,  sulfur  per  cc.  on  five  gms.  iron  or  steel 
taken. 

As  an  absorbent  for  the  hydrogen  sulfid,  common  white  potash 
is  to  be  preferred ;  potash  purified  by  alcohol  shoul4  be  avoided. 
Dilute  sulfuric  acid  may  be  used  with  advantage  in  acidifying 
the  potash  solution.  The  addition  of  methyl-orange  to  the  starch 
solution  in  sufl&cient  quantity  to  give  a  perceptible  red  color  to 
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the  solution  to  be  titrated,  will  by  turning  colorless  or  a  faint 
yellow  on  acidifying  indicate  when  an  excess  of  acid  has  been 
added. 

Washington.  D.  C,  Sept.  1892. 


RAPID  DETERMINATION  OF  PHOSPHORUS 

IN  IRON  ORES. 

Bv  Prank  L.  Crobauoh. 

The  method  described  below  for  the  determination  of  phos- 
phorus in  ores,  though  very  familiar  in  principle,  yet  contains 
some  details  I  have  not  seen  published  elsewhere. 

The  results  obtained  by  its  use  agree  closely  with  those  of  the 
magnesia  method  conducted  with  much  care,  and  are  obtained 
in  a  short  time. 

METHOD. 

To  five  gjams  of  the  ore  in  a  round  bottom  six  inch  evaporating 
dish,  add  sixty  cc.  of  hydrochloric  acid,  specific  gravity  1.20. 
Cover  and  place  on  a  tripod  carrying  a  piece  of  asbestos  board 
about  seven  inches  square  and  one-quarter  of  an  inch  thick; 
through  the  center  is  cut  a  circular  hole  two  inches  in  diameter, 
in  which  the  bottom  of  the  dish  may  rest.  Apply  the  full  heat 
of  a  Bunsen  burner  to  the  bottom  of  the  dish.  The  upper  edges 
of  the  dish  will  be  kept  cool  and  condense  the  steam  formed,  thus 
washing  down  a  crust  that  would  ordinarily  form,  an  especial 
difficulty  when  evaporating  with  nitric  acid.  Solution  of  the  ore 
and  evaporation  in  the  covered  dish  to  a  volume  not  exceeding 
fifteen  cc.  may  be  accomplished  within  twenty  minutes. 

At  this  point  lower  the  flame,  push  the  glass  aside,  and  add 
thirty-five  cc.  of  nitric  acid,  specific  gravity  1.42.  Push  the 
glass  into  position  and  again  evaporate  at  a  strong  heat  to  about 
fifteen  cc.  During  both  evaporations  it  is  well  to  have  a  stout 
wire  twisted  into  a  fork,  whereby  the  dish  may  be  lifted  and  its 
contents  given  an  occasional  whirl  about  the  circumference.  At 
the  end  of  the  second  evaporation  only  traces  of  hydrochloric 
acid  will  remain,  and  do  not  interfere  with  the  precipitation  of 
phosphoric  acid.  Dilute  the  solution  in  the  dish  to  about  thirty- 
five  cc,  filter  while  still  hot  into  a  shaking  flask  at  the  pump. 


486        ford's  stirring  and  filtering  apparatus. 

*  *  To  make  phosphorus  determinations  in  iron  or  steel  by  the 
aid  of  this  apparatus  where  Dr.  Drown  *s  dilute  acid  is  used, 
weigh  the  samples,  put  them  in  eight  ounce  Erlenmeyer  flasks, 
pour  on  the  acid,  and  place  the  flasks  over  the  lights  until  solu- 
tion is  complete.     The  flasks  are  then  caught  around  the  necks 
by  the  apparatus  designed  for  that  purpose.     They  are  all  re- 
moved from  the  lights  together  and  in  their  places  the  beakers 
to  be  used  for  the  precipitation  of  the  phosphorus  are  placed 
with  about  one-quarter  of  an  inch  of  water  in  them,  as  the  lights 
are  still  burning.     The  funnel  rack  is  then  brought  down,  and 
each  funnel  will  go  into  its  separate  beaker ;  filters  are  placed  in 
position.     The  apparatus  holding  the  flasks  is  then  placed  on 
the  support  above  and  back  of  the  funnel  rack.     The  flasks  are 
gradually  tipped  and  their  solutions  poured   into  the  funnels. 
The  flasks  are  then  washed  out  and  removed,  the  filters  washed 
and  the  funnel  rack  thrown  up  out  of  the  way.     The  lights  arc 
now  turned  up  and  the  solutions  heated  nearly  to  boiling.    Now 
oxidize  this  solution  by  the  permanganate  and  redissolve  the 
excess  of  manganese.     Lights   are  now  turned  out  and  the 
ammonia  added,  and  the  precipitate  caused  by  the  ammonia  is 
redissolved.     Thermometers  are  placed  in  the  beakers  and  when 
the  solutions  are  cooled  to  the  desired  temperature  the  ther- 
mometers are  removed  and  the  molybdic  solution  added.    By 
means  of  the  crank  at  the  back  of  the  apparatus  the  stirring 
arrangement  .is  brought  directly  over  the  beakers.     The  rods 
used  are  provided  with  small  rubber  corks.     Place  the  rods  in 
the  small  holes  in  the  stirring  bar  and  press  the  corks  into  posi- 
tion, thus  holding  the  rods  straight  and  firm.     The  crank  at  the 
top  of  the  apparatus  is  then  turned  for  about  five  minutes,  thus 
causing  the  rods  in  the  beakers  to  rotate.     With  five  minutes' 
stirring  all  the  phosphorus  will  be  precipitated.  ^  The  rods' then 
are  taken  from  the  stirring  bar  and  placed  in  their  several  beakers. 
The  stirring  arrangement  is  then  run  back  to  its  former  position 
by  the  same  means  which  brought  it  forward.     Now  place  the 
apparatus  for  holding  the  beakers  on  the  upper  support  (the 
same  used  for  the  flask  holder) .     The  beakers  are  then  placed 
in  the  several  holes  in  this  apparatus  with  their  lips  towards  the 
front.     When  the  beakers  are  all  in  position,  the  small  wooden 
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bar,  with  notches  on  the  upper  side  and  small  pieces  of  rubber 
on  the  lower,  is  fastened  down  by  means  of  the  thumb-screws 
found  near  the  ends  of  the  beaker  holder.  Now  place  the  rods 
in  the  notches  in  a  slanting  position  so  as  to  touch  the  lips  of  the 
beakers. 

'  *  Remove  the  apparatus  containing  the  beakers  from  its  sup- 
port for  an  instant,  and  bring  down  the  funnel  rack.  Place 
filters  and  beakers  in  position  to  receive  the  filtrate  and  return 
the  apparatus  containing  beakers  to  its  former  position,  just  back 
and  above  the  funnel  rack.  Now  draw  the  beakers  close  to  the 
funnel  rack,  and  gradually  tip  all  and  pour  their  contents  into 
the  filters. 

**When  all  the  solutions  are  out  of  the  beakers  wash  and 
return  to  a  perpendicular  position.  Wash  the  filters  thoroughly. 
If  the  yellow  precipitate  is  to  be  dissolved,  remove  the  rods  from 
their  several  notches  and  wash  off  with  a  little  dilute  ammonia. 

**The  filtrates  are  removed  from  beneath  the  funnels,  and  in 
their  places  are  put  the  vessels  intended  to  receive  the  dissolved 
yellow  precipitate.  The  beakers  containing  the  washing  from 
the  rods  are  now  tipped  over  the  funnels  again  and  washed  out 
with  a  little  dilute  ammonia.  The  amount  of  ammonia  here 
used  will,  in  most  cases,  dissolve  the  precipitate  in  the  filters. 
Use  more  if  necessary,  and  in  either  case  the  filters  are  afterwards 
washed  with  water,  and  the  solution  of  the  yellow  precipitate  is 
then  ready  either  for  reduction  or  re-precipitation. 

*  *  If  the  yellow  precipitate  is  to  be  weighed,  the  rods  and 
beakers  may  be  rubbed  off  by  means  of  a  glass  rod  with  a  piece 
of  rubber  tubing  on  the  end.*' 

The  machine  is  manufactured  and  sold  by  Bullock  and  Cren- 
shaw, Philadelphia. 


NOTE  ON  THE  DETECTION  OF  CHLORIN  AND 
BROMIN  IN  PRESENCE  OF  lODIN.* 

By  D.  S.  Macnair.  Ph.D,,  B.Sc.  (Lond.). 

When  freshly,  precipitated  moist  silver  iodid  is  heated  with 
potassium  bichromate  and  concentrated  sulfuric  acid,  no  iodin  is 
set   free,  but  the  precipitate  readily   dissolves,  forming  silver 

♦Chem.  News.  66,  5. 
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iodate,  which  is  precipitated,  along  with  some  silver  bichromate, 
on  diluting  moderately  and  cooling  the  solution.  Silver  bromid, 
when  treated  in  the  same  way,  gives  silver  sulfate — ^the  whole  of 
the  bromin  being  set  free ;  while  silver  chlorid  behaves  like  the 
bromid,  giving  free  chlorin  and  silver  sulfate. 

These  reactions  furnish  an  easy  method  of  detecting  chlorids 
or  bromids  in  presence  of  iodids.  It  is  only  neessary  to  precipi- 
tate with  excess  of  silver  nitrate,  filter  off  and  wash  the  pre- 
cipitate, and  heat  it  with  powdered  potassium  bichromate  and  a 
little  strong  sulfuric  acid.  If  any  chlorid  or  bromid  is  present, 
even  with  a  very  large  excess  of  iodid,  its  presence  is  easily 
detected  by  the  evolution  of  chlorin  or  bromin. 

I  am  at  present  making  further  experiments  with  a  view  to 
determining  the  delicacy  of  the  reaction  and  also  whether  it  can 
be  conveniently  employed  for  the  quantitative  separation  of  iodin 
from  chlorin  and  bromin. 


REPORT  ON  THE  TECHNICAL  DETERMINATION 

OF  ZINC* 

In  accordance  with  the  plan  outlined  some  time  since,  your 
committee  appointed  for  the  purpose  has  undertaken  the  work  oi 
attempting  to  establish  a  uniformity  in  the  technical  methods  of 
analyses  in  the  West,  and  as  the  result  of  its  first  effort  it  here- 
with presents  to  your  body  the  work  of  a  number  of  our  best 
known  western  chemists  on  zinc  determination. 

It  may  be  remarked  that  the  samples  of  ore  on  which  the  work 
was  done  were  such  as  seemed  to  offer  the  greatest  difi&culty  in 
the  correct  determination  of  the  metal  in  question. 

%The  ores  so  submitted  were  from  a  number  of  mines  of  widely 
separated  localities ;  they  were  mixtures  of  galenite,  pyrite,  and 
sphalerite,  accompanied  by  greater  or  less  percentages  of  man- 
ganese in  the  form  of  rhodochrosite,  associated  with  a  quartzose 
gangue.  •  • 

That  a  standard  of  comparison  might  be  had  by  which  the 
various  results  could  be  judged,  the  assistance  of  the  chemical 

♦A  report  read  at  the  meeting?  of  the  Colorado  Scientific  Society  held  at  Pueblo.  June 
II.  1892. 
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laboratory  of  the  U.  S.  Geological  Survey  .at  Washington,  D.  C, 
was  invoked.  Mr.  F.  W.  Clarke,  Chief  Chemist  of  the  Survey, 
notwithstanding  the  fact  that  his  department  is  always  busily 
engaged  with  work  correlated  to  the  geological  investigations  of 
the  Survey,  met  our  request  for  the  co-operation  of  his  laboratory 
in  the  work  to  be  undertaken  with  the  greatest  willingness,  and 
your  committee  takes  this  occasion  to  express  its  deep  apprecia- 
tion of  the  valued  assistance  thus  afforded. 

The  analyses  were  made  by  Mr.  L.  G.  Eakins,  one  of  the 
ablest  of  Mr.  Clarke's  corps  of  chemists,  and  your  committee 
does  not  doubt  that  the  results  furnished  by  him  will  unhesi- 
tatingly be  accepted  as  standard  by  all  the  technical  chemists 
who  assisted  in  the  investigations. 

The  samples  of  ore  distributed  came  from  the  following  mines : 

Enterprise  Mine,  at  Rico,  Colorado. 

Mary  Murphy  Mine,  near  St.  Elmo,  Colorado. 

Robinson  Mine,  Robinson,  Colorado. 

New  York  Mine,  near  Park,  Colorado. 

Moyer  Mine,  Leadville,  Colorado, — the  ore  from  this  property 
being  a  concentrate  product. 

These  were  designated,  respectively,  Nos.  5,  9,  11,  13,  and 
20,  great  care  being  taken  in  the  mixing  of  each  separate  large 
sample,  so  that  uniformity  in  the  material  subsequently  distributed 
might  be  assured. 

The  analytical  methods  employed  by  the  different  chemists 
are  given,  together  with  the  results  obtained.  In  one  instance, 
that  of  Dr.  H.  C.  Hahn,  in  conjunction  with  the  zinc  determina- 
tion, that  of  manganese  is  also  furnished,  thus  happily  affording 
a  knowledge  of  the  extent  to  which  the  latter  element  was 
present. 

Method  of  L.  G,  Eakins,  Chemist  U.  S.  Geological  Survey , 
Washington,  Z>.  C. — About  one  gram  of  ore  was  treated  with 
twenty -five  cc.  of  dilute  hydrochloric  acid  (1:1)  and  after 
digestion  on  the  water  bath  three  cc.  of  nitric  acid  were  added, 
the  whole  being  then  evaporated  to  dryness.  The  dried  mass 
was  digested  with  dilute  hydrochloric  acid  and  water,  and  the 
insoluble  residue  filtered  off.  The  filtrate  was  precipitated  with 
hydrogen  sulfid,  filtered,  and  the  precipitate  re-dissolved  in  nitro- 
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hydrochloric  acid,  evaporated  nearly  to  dryness,  and  water  and 
hydrochloric  acid  added. 

This  solution  was  once  more  precipitated  with  hydrogen  sulfid, 
the  precipitate  filtered  off,  washed,  and  the  filtrate  combined 
with  the  first.  The  solution  was  now  oxidized  with  nitric  acid, 
and  a  basic  acetate  precipitation  made.  The  resulting  precipi- 
tate was  filtered  off,  dissolved  in  dilute  hydrochloric  acid,  and 
re-precipitated  as  basic  acetate,  filtered,  and  this  precipitate 
again  dissolved.  This  solution  was  eVaporated  to  expel  excess 
of  acid,  and  then  poured  with  constant  stirring  into  an  excess  of 
strong,  cold  ammonia,  the  precipitate  allowed  to  stand  for  some 
time,  after  which  it  was  filtered  off  and  washed. 

The  solution  from  the  last  ammonia  precipitation  was  found 
in  every  case  to  still  contain  zinc  which  had  not  been  removed 
by  the  two  previous  basic  acetate  precipitations,  the  amount  so 
held  varying  from  0.30  per  cent,  to  2  per  cent. 

The  filtrates  from  the  basic  acetate  precipitations  were  com- 
bined, evaporated  to  a  convenient  bulk,  about  five  grams  of 
acetate  of  sodium  and  five  cc.  of  glacial  acetic  acid  added,  the 
solution  heated  to  boiling,  and  the  zinc  precipitated  with  hydro- 
gen sulfid.  The  precipitated  sulfid  was  allowed  to  settle,  the 
solution  filtered,  and  the  precipitate  washed  with  hydrogen  sulfid 
water  containing  acetate  of  sodium. 

The  filtrate  obtained  from  the  ammonia  precipitate  was  now 
evaporated  to  expel  excess  of  ammonia,  acetate  of  sodium  and 
glacial  acetic  acid  added,  and  the  zinc  precipitated  as  sulfid  in 
the  same  way  as  has  just  been  described. 

The  zinc  sulfid  precipitates  were  combined  and  digested  with 
dilute  hydrochloric  acid  containing  hydrogen  sulfid.  All  arsenic 
and  traces  of  nickel  (if  present)  were  left  undissolved,  the  zinc 
and  any  cadmium  that  might  be  present  passing  into  solution. 
This  solution  was  filtered,  the  filtrate  evaporated  to  expel  the 
hydrogen  sulfid,  and  the  zinc  precipitated  as  carbonate  with  car- 
bonate of  sodium  in  the  usual  way,  being  finally  weighed  as 
oxid  of  zinc. 

This  was  dissolved  in  dilute  hydrochloric  acid,  the  small 
amount  of  silica  which  may  have  contaminated  the  precipitate 
filtered  off,  washed,  and  weighed. 


J 
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To  the  filtrate  an  excess  of  tartaric  acid  was  added,  then  an 
excess  of  caustic  soda,  and  after  the  solution  was  diluted  to  a 
large  bulk  it  was  boiled  in  a  platinum  dish  to  precipitate  any 
cadmium  which  might  have  been  associated  with  the  oxid  of 
zinc.  The  precipitate  so  obtained  was  filtered  off,  washed,  and 
weighed,  and  correction  made  for  such  amount,  together  with 
what  silica  had  previously  been  found. 

The  results  were  as  follows : 

No.   5 14.64  per  cent.  zinc. 

"     9 24."     * 

•'    II 10.71 * 

"    13 6.31     "      " 

"    v> 16.09     *'      " 

Note :  Sample  number  five  contained  appreciable  quantities 
of  cadmium,  sample  number  nine  very  small  quantities,  and  the 
other  samples  only  traces  of  this  element. 

Method  of  Messrs.  von  Schulz  and  Low,  Chemists  and  Assayers, 
Denver,  Colorado. — Prepare  a  solution  of  ferrocyanid  of  potassium 
by  dissolving  forty-four  grams  of  the  pure  salt  in  distilled  water 
and  diluting  to  one  liter.     Standardize  as  follows : 

Dissolve  exactly  200  milligrams  of  pure  oxid  of  zinc  in  a 
beaker  in  ten  cc.  of  strong  pure  hydrochloric  acid.  Now  add 
seven  grams  of  C.  P.  chlorid  of  ammonium,  (the  commercial 
article  frequently  contains  a  little  copper) ,  and  about  100  cc.  of 
boiling  hot  water.  Titrate  the  clear  liquid  with  the  ferrocyanid 
solution  until  a  drop,  when  tested  on  a  porcelain  plate  with  a 
drop  of  a  strong  aqueous  solution  of  acetate  of  uranium,  shows 
a  brown  tinge.  About  sixteen  cc.  of  ferrocyanid  will  be  required, 
and  accordingly  nearly  this  amount  may  be  run  in  rapidly  before 
making  a  test,  and  then  the  titration  finished  carefully  by  testing 
after  each  additional  drop  of  ferrocyanid.  As  soon  as  a  brown 
tinge  is  obtained  note  the  reading  of  the  burette,  and  then  wait 
a  minute  or  two  and  observe  if  one  or  more  of  the  previous  tests 
do  not  also  develop  a  brown  tinge.  Usually  the  end-point  will 
be  found  to  have  been  passed  by  a  test  or  two  and  the  proper 
correction  must  then  be  applied  to  the  burette  reading.  Finally 
make  a  further  deduction  from  the  burette  reading  of  the  amount 
of  ferrocyanid  required  to  produce  a  brown  tinge  under  the  same 
conditions  when  no  zinc  is  present.  This  correction  is  about  two 
drops,  or  0.14  cc. 
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Two  hundred  milligrams  of  oxid  of  zinc  contain  160.4  milli- 
grams of  zinc,  and  one  cc.  of  the  above  standardized  solution 
will  equal  about  o.oi  gram  of  zinc,  or  about  one  per  cent,  when 
one  gram  of  ore  is  taken  for  assay. 

Prepare  the  following  solutions  for  the  assay  of  ores : 

A  saturated  solution  of  chlorate  of  potassium  in  nitric  acid, 
made  by  shaking  an  excess  of  the  crystals  with  the  strong  pure 
acid  in  a  flask.     Keep  the  solution  in  an  open  flask. 

A  dilute  solution  of  chlorid  of  ammonium  containing  about 
ten  grams  to  the  liter.     For  use  heat  to  boiling  in  a  wash  bottle. 

A  wash  bottle  of  hot  water. 

Take  exactly  one  gram  of  the  ore  and  treat  In  a  3I  inch 
casserole  with  twenty-five  cc.  of  the  above  chlorate  solution. 
Do  not  cover  the  casserole  at  first,  but  warm  gently  until  any 
violent  action  is  over  and  greenish  vapors  have  ceased  to  come 
off.  Then  cover  with  a  watch-glass  and  boil  rapidly  to  complete 
dryness,  but  avoid  overheating  and  baking.  A  drop  of  nitric 
acid  adhering  to  the  cover  does  no  harm.  Cool  sufficiently  and 
add  seven  grams  of  chlorid  of  ammonium,  fifteen  cc.  of  strong 
ammonia  water,  and  twenty-five  cc.  of  hot  water.  Boil  the 
covered  mixture  one  minute  and  then,  with  a  rubber-tipped 
glass  rod,  see  that  all  solid  matter  on  the  cover,  sides  and  bottom 
of  casserole  is  either  dissolved  or  disintegrated.  Filter  into  a 
beaker  and  wash  several  times  with  the  hot  chlorid  of  ammonium 
solution.  A  blue-colored  filtrate  indicates  the  presence  of  copper. 
In  that  case  add  twenty-five  cc.  of  strong  pure  hydrochloric 
acid  and  about  forty  grams  of  granulated  test-lead.  Stir  the 
lead  about  in  the  beaker  until  the  liquid  has  become  perfectly 
colorless  and  then  a  little  longer  to  make  sure  that  the  copper  is 
all  precipitated.  The  solution,  which  should  still  be  quite  hot, 
is  now  ready  for  titration.  In  the  absence  of  copper  the  lead  is 
omitted  and  only  the  acid  added.  About  one-third  of  the  solution 
is  now  set  aside,  and  the  main  portion  is  titrated  rapidly  with 
the  ferrocyanid  until  the  end  point  is  passed,  using  the  uranium 
indicator  as  in  the  standardization.  The  greater  part  of  the 
reserved  portion  is  now  added,  and  the  titration  continued  with 
more  caution  until  the  end  point  is  again  passed.  Then  add  the 
remainder  of  the  reser\'^ed  portion  and  finish  the  titration  care- 
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fully,  ordinarily  by  additions  of  two  drops  of  ferrocyanid  at  a 
time.  Make  corrections  of  the  final  reading  of  the  burette 
precisely  as  in  the  standardization. 

Gold,  silver,  lead,  copper,  iron,  manganese,  and  the  ordinary 
constituents  of  ores  do  not  interfere  with  the  above  scheme. 
Cadmium  behaves  like  zinc.  When  known  to  be  present  it  may 
be  removed,  together  with  the  copper,  by  the  proper  treatment 
with  hydrogen  sulfid,  and  the  titration  for  zinc  may  be  made 
upon  the  properly  acidified  filtrate  without  the  removal  of  the 
excess  of  gas.  There  seems  to  be  no  simpler  way  to  remove 
cadmium. 

The  following  results  were  obtained  on  the  samples  of  ore 
sent  us  by  the  Colorado  Scientific  Society.  Each  sample  was 
assayed  only  once.  The  weighing  w^ts  done  on  the  ordinary 
ore-scale  and  the  burette  used  had  not  been  corrected.  It  was 
intended  to  show  just  what  would  be  obtained  by  the  method  in 
ordinary  technical  work. 

Sample  No.   5 15.31  per  cent.  zinc. 

••     9 24.34 

"    11 10.76    '* 

"    13 6.42 

"   20 16,14 

Notes  on  the  above  scheme : 

Acids  destroy  the  delicacy  of  the  uranium  test,  and  for  this 
reason  a  strong  aqueous  solution  of  uranium  acetate  is  used. 
By  having  the  zinc  solution  only  faintly  acid  the  production  of 
the  brown  color  in  the  end  test  becomes  almost  instantaneous  and 
no  previous  test  will  develop  a  color.  Under  these  conditions, 
however,  lead  is  apt  to  seriously  interfere  and  the  excess  of  acid 
recommended  above  is  found  to  be  a  necessity.  When  a  strong 
solution  of  uranium  acetate,  not  acidified,  is  used  as  indicator, 
the  error  caused  by  the  excess  of  acid  in  the  zinc  solution  amounts 
to  only  two  drops  of  ferrocyanid,  which  may  be  allowed  for,  and 
the  brown  tinge  develops  so  rapidly  that  the  end  point  is  seldom 
passed  by  more  than  one  test. 

When  an  ore  contains  but  little  copper,  the  granulated  lead 
used  frequently  coheres  in  lumps  that  may  hold  zinc  solution. 
Thes^  lumps  are  most  easily  broken  up  after  a  little  of  the  ferro- 
cyanid has  been  added.     They  appear  to  cause  no  appreciable 
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error  in  the  work.  Of  course,  lead  shot  or  thin  sheet  lead  may 
be  used  if  preferred,  and  it  may  be  cleaned  with  strong  nitric 
acid  and  used  repeatedly.  It  seems  simpler  and  more  satisfactory, 
however,  to  use  the  granulated  lead  and  throw  it  away  after  use. 

As  regards  the  effect  of  nitric  acid,  it  is  found  that  the  addi- 
tion of  one  cc.  of  the  strong  acid  to  the  boiling  hot  zinc  solution 
during  the  standardization  of  the  ferrocyanid  makes  no  appre- 
ciable difference. 

Method  of  Mr.  L,  IV.  W.Jones,  Chemist  Pueblo  Smelting  and 
Refining  Company,  Pueblo,  Colorado. — The  method  used  was 
that  published  some  time  since  by  Messrs.  von  Schulz  and  Low, 
Chemists  and  Assayers,  Denver,  Colorado,  which  consists  in 
effecting  a  decomposition  of  the  ore  by  means  of  concentrated 
nitric  acid  saturated  with  chlorate  of  potassium,  evaporating  to 
dryness,  and  bringing  the  zinc  into  solution  by  means  of  water, 
ammonia  water,  and  chlorid  of  ammonium ;  heating  the  solution 
to  boiling,  filtering  off  the  insoluble  residue,  and  washing.  If 
the  filtrate  shows  the  presence  of  copper,  this  metal  is  precipi- 
tated after  acidifying  the  solution  with  hydrochloric  acid  by 
means  of  granulated  lead. 

To  the  hot  solution  a  few  gprams  of  sulfite  of  sodium  are  now 
added  to  counteract  any  effects  due  to  the  possible  presence  of 
free  chlorin  from  the  action  of  the  hydrochloric  add  on  any 
chlorate  that  might  not  have  been  decomposed,  and  the  zinc 
titrated  with  a  standardized  solution  of  ferrocyanid  of  potassium, 
using  acetate  of  uranium  as  an  indicator. 

The  readings  of  the  burette  were  corrected  by  an  amount  of 
ferrocyanid  necessary  to  produce  a  reaction  with  acetate  of 
uranium  in  a  blank  test,  the  standardization  having  been  made 
under  like  conditions. 

The  results  obtained  on  the  samples  submitted  were : 

No.    5... 15.39  per  cent.  sine. 

•  9 2453 

•  II 10.83     ' 

•  13 6.58     '• 

"    20 16.46 

Method  of  Mr.  E.  N.  Hawkins,  Snperintendent  Holden  Smelt- 
ing and  Refining  Company,  Leadville,  Colorado. — One  gram  of 
ore  is  treated  in  a  3^  inch  casserole  with  five  to  ten  cc.  of  con- 
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centrated  nitric  acid,  evaporated  to  dryness  on  a  hot  plate  and 
baked  for  several  minutes.  After  cooling,  twenty  to  thirty  cc.  of 
water  are  added,  and  about  seven  grams  of  chlorid  of  ammonium 
and  fifteen  cc.  of  strong  ammonia  water. 

If  the  ore  is  free  from  manganese  proceed  as  follows  : 

Boil  for  several  minutes,  filter  and  wash  with  warm  water,  taking 
the  precaution  to  add  a  few  drops  of  ammonia  water  to  the  first  wash 
water  on  filter  to  keep  the  zinc  in  solution.  It  is  more  convenient 
to  operate  in  this  way  than  to  use  ammoniacal  wash  water. 

Neutralize  the  filtrate  with  hydrochloric  acid,  then  add  an 
excess  of  ten  cc.  of  the  acid.  If  copper  is  present  precipitate  it 
with  granulated  lead. 

The  solution  is  now  ready  for  titration  with  ferrocyanid  of 
potassium,  uranium  acetate  being  used  as  an  indicator. 

If  manganese  is  present,  after  addition  of  chlorid  of  ammonium 
and  ammonia  water  as  stated  above,  add  to  the  solution  five  cc.  of 
peroxid  of  hydrogen  and  boil.  The  manganese  will  all  be  precipi- 
tated as  the  hydrated  dioxid  together  with  such  iron  and  alumina 
as  may  be  present.     Filter,  using  the  regular  precautions. 

Now  dissolve  the  precipitate  in  a  small  quantity  of  hydro- 
chloric acid,  dilute  with  water,  add  an  excess  of  ammonia  water 
and  again  five  cc.  of  peroxid  of  hydrogen,  boil  for  several  min- 
utes, filter  and  wash,  and  combine  filtrate  with  the  one  pre- 
riously  obtained. 

The  solution  is  now  made  acid  with  an  excess  of  hydrochloric 
acid,  and  the  titration  of  the  zinc  effected,  after  removal  of  any 
copper  that  may  be  present,  as  previously  specified. 

In  ordinary  practice  it  has  been  found  that  the  amount  of  zinc 
which  is  carried  down  with  the  manganese  in  its  first  precipita- 
tion by  means  of  peroxid  of  hydrogen,  in  the  ores  which  carry 
from  three  to  ten  per  cent,  of  that  element,  is  equal  to  about  five 
per  cent,  of  the  total  quantity  of  zinc  present,  although  this  does 
and  will  vary  somewhat  with  different  practice  and  the  amounts 
of  reagents  employed. 

The  results  obtained  were  as  follows  : 

No.    5 15.66  per  cent.  zinc. 

'*     9 24.23 

**    II 11.88     " 

'*    13 8.73 

"    20 15.86     ' 
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Method  of  Mr,  F,  C  Knight  y  F.C.S,,  Chemist  Boston  and  Colo- 
rado Smelting  Company^  Argo,  Colorado. — One  gram  of  ore  is 
taken  and  mixed  in  a  3^  inch  casserole  with  ten  g^ams  of  nitrate 
of  ammonium  and  ten  cc.  of  concentrated  nitric  acid  added. 
The  casserole  is  covered  with  a  watch-glass  and  the  mixture 
evaporated  to  complete  dryness  on  a  hot  plate.  The  mass 
usually  deflagrates  just  before  becoming  completely  dry. 

After  cooling,  about  twenty  cc.  of  water  and  five  grams  of 
chlorid  of  ammonium  are  added. 

If  manganese  is  present,  of  which  previous  indication  will  have 
been  afforded,  add  to  the  solution  five  cc.  of  peroxid  of  hydrogen 
and  ten  cc.  strong  ammonia  water,  heat  to  boiling  for  two  or  three 
minutes,  filter  and  wash  with  water  containing  ammonia  water. 

As  the  precipitate  of  iron  and  manganese  carries  zinc,  it  is 
redissolved  in  a  small  quantity  of  hydrochloric  acid,  water  and 
chlorid  of  ammonium  added,  then  five  cc.  peroxid  of  hydrogen 
and  ten  cc.  ammonia  water  as  before.  Boil,  filter  and  wash  with 
hot  water  rendered  ammoniacal,  and  combine  the  two  filtrates. 
The  second  precipitation  of  the  iron  and  manganese  practically 
brings  all  zinc  into  solution. 

The  filtrate  should  now  measure  from  250  to  300  cc.  It  is 
slightly  acidified  with  hydrochloric  acid  and  if  copper  is  present 
it  is  precipitated  with  granulated  lead. 

To  the  solution  now  add  an  excess  of  ten  cc.  hydrochloric  acid 
and  titrate  the  zinc  with  a  standardized  solution  of  ferrocyanid 
of  potassium,  one  cc.  of  which  is  equal  to  about  five  mgms.  or 
0.50  per  cent.  zinc.  Acetate  of  uranium  is  used  as  an  indicator 
of  final  reaction. 

As  about  five  to  six  drops  of  the  ferrocyanid  solution  will  be 
absorbed  in  a  blank  test  before  the  reaction  with  acetate  of 
uranium  manifests  itself,  due  allowance  must  be  made  for  this 
error  in  the  standardization  of  the  solution.  It  is  almost  need- 
less to  remark  that  a  similar  precaution  must  be  observed  in 
taking  the  reading  of  the  burette  in  the  actual  titration  of  the 
zinc  solution  of  the  ore.     Results  obtained  were  as  follows : 


I 


No.   s 15.08  per  cent  sine. 

"     9 23.80    "      " 

•'    II 10.69    ••      " 

••    13 6.85    "      •• 

••    20 15.90 
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Method  of  Mr,  Mann  Page^  Chemist  Omaha  and  Grant  Smelt- 
ing Company^  Denver^  Colorado, — The  ore  is  decomposed  by  boil- 
ing in  a  casserole  with  a  mixture  of  concentrated  hydrochloric, 
nitric,  and  sulfuric  acids,  added  separately  in  the  order  given,  the 
amounts  of  acid  varying  according  to  the  demands  of  the  char- 
acter of  the  ore  under  treatment  to  insure  complete  decomposi- 
tion. The  boiling  is  continued  until  the  fumes  of  sulfuric  acid 
appear  distinctly. 

The»  casserole  is  then  removed  from  the  hot  plate,  contents 
allowed  to  cool  and  the  sulfuric  acid  solution  diluted  with  water  to 
three  or  four  times  its  bulk,  and  chlorate  of  potassium  added 
whether  manganese  be  present  or  not. 

If  manganese  is  present  the  chlorate  must  be  added  in  quantity 
sufficient  to  insure  complete  precipitation,  an  additional  quantity 
of  this  reagent  being  added  during  the  boiling  if  it  appears 
necessary.  This  can  be  easily  determined  by  the  appearance  of 
the  solution.  The  precipitated  manganese  dioxid  and  the 
insoluble  residue  are  now  filtered  off  and  well  washed  with 
boiling  water. 

To  the  filtrate  ammonia  water  is  added  in  slight  excess^  the 
precipitate  well  stirred  and  immediately  filtered  off,  the  filtrate 
passing  into  a  graduated  flask  of  250  cc.  capacity. 

After  the  iron  and  alumina  precipitate  has  been  transferred  to 
the  filter — which  should  be  a  sufficiently  capacious  one — it  is 
allowed  to  drain  thoroughly,  and  then  washed  three  or  four  times 
with  water  which  has  been  rendered  distinctly  ammoniacal,  and 
which  should  not  be  more  than  tolerably  warm.  In  washing  the 
precipitate  care  should  be  taken  to  thoroughly  disintegrate  it  by 
the  stream  of  wash  water. 

After  a  thorough  washing  the  filtrate  is  acidfied  by  hydrochloric 
acid,  the  flask  filled  to  the  mark,  its  contents  well  mixed,  and  a 
number  of  aliquot  portions  of  the  solution  taken  from  the  zinc 
determination,  which  is  accomplished  by  a  standardized  solution 
of  ferrocyanid  of  potassium,  acetate  of  uranium  being  used  as 
indicator. 

If  copper  is  present  it  must  be  removed  previous  to  titration 
by  means  of  granulated  lead.  The  titration  is  always  made  in 
hot  solutions. 
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Results  were  as  follows : 

No.   5 14.62  per  cent.  sine. 

*'     9 22.00    *• 

'•    II 10.50    " 

*'    13 6.30 ' 

•'    20 15.37 

Notes  on  the  above  method  : 

Attention  has  been  called  to  the  advisability  of  washing  the 
iron  precipitate  with  water  which  is  not  more  than  tolerably 
warm,  it  having  been  the  writer's  experience  that  a  partial  pre- 
cipitation of  the  hydrated  oxid  of  zinc  takes  place  more  easily 
from  solutions  which,  while  yet  distinctly  ammoniacal,  approach 
more  nearly  the  boiling  temperature.  The  precipitation  of  the 
hydrated  zinc  oxid  is  furthermore  influenced  by  the  precipitation 
of  the  hydrated  sesquioxid  of  iron,  especially  so  when  the  solu- 
tions are  very  hot. 

To  prevent  this  occurence  the  precautions  previously  indicated 
must  be  observed,  in  addition  to  which  as  a  further  safe-guard, 
wash  water,  which  has  been  rendered  ammoniacal,  or  has  been 
impregnated  with  chlorid  of  ammonium  is  used. 

Method  of  Mr.  F.  Mentzel,  Superintendent  of  San  fuan  Smeli- 
ing  and  Mining  Company^  Durango,  Colorado, — The  method 
about  to  be  described  is  based  on  the  principle  that  in  an  almost 
neutral  solution  of  sulfates  or  chlorids,  the  separation  of  zinc 
from  iron,  manganese,  cobalt,  and  nickel  can  practically  be 
effected  by  means  of  hydrogen  sulfid,  while  if  the  solution 
contains  about  one-tenth  of  its  volume  of  sulfuric  acid  the 
separation  of  zinc  from  copper  is  equally  complete,  provided 
the  solution  is  Jicated  almost  to  the  boiling  point  before  the 
precipitated  sulfids  are  filtered  off. 

The  modus  operandi  is  as  follows : 

One  gram  of  ore  is  decomposed  in  an  eight  ounce  flask  with 
five  cc.  cone,  hj'^drochloric  and  five  cc.  cone,  nitric  acid;  after 
the  red  fumes  have  ceased  to  be  evolved,  five  cc.  cone,  sulfuric 
acid  are  added,  and  the  whole  evaporated  until  the  fumes  of  sul- 
furic acid  appear.  It  is  absolutely  essential  at  this  point  that  all 
traces  of  nitric  acid  shall  have  been  expelled  as  otherwise  correct 
results  will  be  vitiated. 

On  the  appearance  of  the  sulfuric  acid  fumes  the  flask  is  re- 
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moved  from  the  hot  plate,  allowed  to  cool,  about  fifty  cc.  water 
added  and  a  brisk  current  of  hydrogen  sulfid  passed  through  the 
solution.  In  a  few  minutes  the  precipitation  of  the  copper,  etc., 
will  have  taken  place.  The  precipitation  is  complete  when  the 
precipitated  sulfids  are  seen  to  settle  rapidly  at  the  bottom  of  the 
flask. 

Now  heat  the  solution  as  rapidly  as  possible  almost  to  the 
boiling  point,  by  which  most  of  the  absorbed  sulfuretted  acid 
will  be  expelled ;  any  zinc  which  may  have  been  precipitated  will 
by  this  means  be  redissolved.  Filter  into  a  sixteen  ounce  flask, 
wash  the  precipitate  with  cold  water  three  or  four  times,  allow- 
ing the  filter  to  run  dry  each  time  before  renewing  the  wash 
water. 

After  washing  neutralize  the  filtrate  with  ammonia  water,  care 
being  taken  not  to  let  the  ammonia  run  down  the  sides  of  the 
flask,  but  to  drop  it  directly  into  the  liquid,  the  solution  being 
constantly  agitated  while  being  neutralized.  It  is  advisable  to 
add  a  slight  excess  of  ammonia,  the  ferrous  hydrate  precipitate 
being  again  redissolved  by  a  few  drops  of  dilute  sulfuric  acid 
(1:4).     A  slight  permanent  turbidity  is  of  no  consequence. 

Now  add  an  excess  of  four  to  six  drops  of  dilute  sulfuric  acid, 
fill  up  the  flask  with  water,  and  again  introduce  a  brisk  current 
of  hydrogen  sulfid  into  the  solution.  Within  five  to  ten  minutes 
a  heavy  sandy  or  powdery  precipitate  of  whitish  or  yellowish 
zinc  sulfid  will  appear,  the  rapid  settling  of  which,  and  the  clear 
supernatant  liquid  being  an  indication  of  complete  precipitation. 
The  precipitate  filters  rapidly  and  is  indifferent  to  the  influence 
of  air,  either  during  filtering  or  washing.  It  is  filtered  off  and 
thoroughly  washed,  about  five  washings  being  usually  sufficient 
unless  the  solution  contained  much  iron. 

The  zinc  sulfid  which  has  adhered  to  the  flask  and  the  glass 
tube  is  now  dissolved  in  three  to  five  cc.  of  hydrochloric  acid, 
the  solution  diluted  with  an  equal  amount  of  water  and  then 
poured  on  the  filter  containing  the  precipitate,  which  should 
immediately  thereafter  be  covered  with  a  watch-glass.  The 
greater  part  of  the  precipitate  dissolves  easily,  the  solution  of  any 
undissolved  portion  being  effected  with  a  few  drops  of  cone, 
hydrochloric  acid. 
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The  bulk  of  free  acid  in  the  solution  is  now  neutralized  with 
ammonia  water,  and  the  zinc  determined  by  titrating  with  stan- 
dardized solution  of  ferrocyanid  of  potassium,  using  acetate  of 
uranium  as  an  indicator. 

The  following  are  the  results  obtained : 


Per  Cent. 

Zinc. 

No.  9. 

No.  II. 

No.  13. 

No.  30 

23.63 

11.17 

6.94 

16.15 

23.56 

II. 13 

7.05 

I6.Q5 

23.56 

10.99 

6.76 

16.10 

23.73 
23.62 

10.99 
11.07 

6.81 
6.89 

16.02 

Average, 

16.08 

Method  of  Dr,  H,  C,  Hahn,  Chemist  Colorado  Smelting  Com- 
pany^ Pueblo^  Colorado, — The  following  method  is  one  in  which 
the  determination  of  manganese  as  well  as  zinc  is  effected  in  the 
same  solution. 

Five-tenths  of  a  gram  of  ore  is  treated  in  a  porcelain  casserole 
with  two  cc.  cone,  nitric,  three  cc.  dilute  sulfuric  (1:2),  and  six 
cc.  cone,  hydrochloric  acids,  evaporated  to  dryness,  or  until  the 
fumes  of  sulfuric  acid  appear.  The  casserole  is  then  removed 
from  the  hot  plate  and  allowed  to  cool,  when  twenty  cc.  water 
are  added  and  the  solution  heated  to  boiling  for  about  one  minute. 

The  contents  of  the  casserole  are  now  transferred  to  an  eight 
ounce  beaker,  and  the  solution  nearly  neutralized  with  a 
saturated  solution  of  carbonate  of  sodium.  In  case  too  much  of 
the  latter  should  have  been  used,  acidify  with  a  few  drops  of 
dilute  sulfuric  acid. 

Now  add  to  the  solution  an  excess  of  basic  carbonate  of  lead 
suspended  in  water,  until  after  vigorous  stirring  the  precipitated 
hydroxid  of  iron  settles  quickly  to  the  bottom  of  the  beaker,  leav- 
ing the  liquid  clear. 

The  solution  should  measure  now  about  eighty  cc.  It  is  heated 
to  boiling  without  previous  filtration,  and  the  manganese  deter- 
mined with  a  standardized  solution  of  permanganate  of  potassium 
(4.86  grams  of  potassium  permanganate  to  a  liter,  whence  one 
cc.  equals  0.50  per  cent.  Mn). 

After  each  addition  of  the  permanganate  the  solution  should 
be  briskly  stirred  as  it  facilitates  the  settling  of  the  precipitate. 
Should  the  solution  appear  yellow  or  turbid,  the  stirring  must  be 
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continued  until  it  is  clear.  When  the  rose  tint  appears,  indi- 
cating the  complete  precipitation  of  the  manganese,  a  few  grams 
of  chlorid  of  ammonium  and  five  cc.  ammonia  water  are  added, 
and  the  solution  is  filtered  without  previous  heating,  the  precipi- 
tate being  washed  with  water  containing  about  one-fifteenth  of 
its  bulk  of  strong  ammonia  water. 

The  precipitate  is  well  washed,  and  to  the  filtrate,  which 
should  measure  about  140  cc,  12^  cc.  of  hydrochloric  acid  are 
added.  If  copper  is  present  it  is  removed  by  means  of  gran- 
ulated lead,  after  which  the  zinc  is  determined  by  titrating  with 
a  standardized  solution  of  ferrocyanid  of  potassium,  an  uranium 
salt  being  used  as  indicator. 

The  manganese  determination  is  quite  exact,  but  the  zinc 
determination  not  so  good. 

The  results  on  samples  of  ore  submitted  are ; 

Per  Cbnt.  Zinc. 

No.  5.  No.  9.  No.  II.  No.  13..  No.  ao. 

14.38  W.95  8.58  5.24  13.40 

14.23  33.11  9.20  5.64  12.84 

Average,       14.30  23.03  8.89  5.44  13.22 

Per  Cent.  Manganese. 

No.  5.  No.  9.  No.  II.  No.  13.  No.  20. 

3.22  2.89  2.68  9.25  0.65 

3-32  a.8i  2.72  9.53  0.87 

Averaflre,        3.27  2.85  2.70  9.39  0.76 

Note: 

The  basic  carbonate  of  lead  used  in  the  preceding  method  is 
prepared  by  adding  to  a  hot  solution  of  carbonate  of  sodium,  a 
hot  solution  of  acetate  of  lead  as  long  as  a  precipitate  is  formed 
and  washing  the  precipitate  repeatedly  by  decantation  until  all 
sodium  salts  are  removed. 

COMPARISON  OF  RESULTS. 

Analyst.                    No.  5.  No.  9.  No.  11.  No.  13.  No.  20. 

Bakins X4.64  24.11  10.71  6.31  16.09 

Von  Schulx  &  Low 15.31  24.34  ^^.^  6.42  16. 14 

Jones 15.39  24.53  10-83  6.58  16.46 

Hawkins 15.66  24.23  11.88  8.73  15.86 

Knight 15.08  23.80  10.69  6.85  15.90 

Page 14.62  22.00  10.50  6.30  15.37 

Mentzel 23.62  11.07  6-89  16.08 

Hahn 14.30  23.03  8.89  5.44  13.22 

A  consideration  of  the  above  results  leads  to  the  conclusion 
that  there  are  a  number  of  the  methods  detailed  that  are  satis- 
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factorily  adapted  for  the  technical  determination  of  zinc.  All  of 
the  technical  chemists  employ  the  ferrocyanid  solution  for  the 
final  titration. 

A  method,  however,  like  the  one  used  by  Mr.  Mentzel  will 
hardly  commend  itself  on  account  of  the  repeated  use  of  hydrogen 
sulfid.  The  unique  method  of  Dr.  Hahn  for  the  combined 
determination  of  manganese  and  zinc  from  one  solution  is  open 
to  the  serious  objection  that  the  zinc  results  are  uniformly  low. 
With  this  difficulty  obviated,  the  method  would  be  a  highly 
commendable  one. 

The  governing  factors  which  should  influence  the  selection  of 
any  given  method  for  general  adoption  in  technical  laboratories 
are  without  doubt  the  accuracj'^  of  the  results  that  can  be  obtained 
by  its  use,  together  with  the  time  involved  in  its  execution. 
When  it  is  borne  in  mind  that  the  technical  chemist  is  daily  con- 
fronted with  a  large  number  of  determinations  that  are  to  be 
made,  and  that  not  only  are  metallurgical  calculations,  but  also 
treatment  charges  on  ores  dependent  on  his  results,  the  desirability 
of  having  simple,  quick,  and  correct  analytical  methods  is  made 
apparent. 

Without  at  all  disparaging  the  methods  employed  by  Messrs. 
Page,  Hawkins,  and  Knight,  it  seems  to  the  committee  that  the 
method  described  by  Messrs.  von  Schulz  &  Low  approximates 
more  nearly  the  conditions  prescribed  than  do  any  of  the  others. 
It  will  be  noted  that  the  results  given  by  Messrs.  von  Schulz  and 
Low  are  comparatively  high  only  in  their  determinations  on 
samples  Nos.  5  and  9,  and  attention  is  directed  to  the  fact  that 
in  both  of  these  samples  the  presence  of  cadmium  is  noted  by 
Mr.  Eakins,  sample  No.  5  containing  the  larger  quantity.  It 
is  to  be  regretted  that  Mr.  Eakins  did  not  furnish  the  exact 
amount  of  cadmium  contained,*  but  his  results  on  this  element 
were  not  requested  by  the  committee,  at  the  time  the  ores  were 
submitted  to  him  for  zinc  analysis. 

The  committee  feels  that  the  ores  on  which  the  investigations 
were  made  were  such  as  have  subjected  the  methods  employed 

♦  Mr,  Giiiterman,  the  Secretary  of  the  Society,  writes  that  Mr.  Eal^ins  has  found  0.60 
l)er  cent,  cadmium  in  No.  5.  and  0.15  per  cent,  in  No.  9.  These  amounts  deducted  from 
the  result.s  of  the  other  chemists  will  give  a  better  comparison  with  Mr.  Eakins' on  the 
bamplcs  in  which  cadmium  was  present. — Ki>. 
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in  the  determination  of  zinc  to  a  severe  test.  It  is  also  aware 
that  any  method  which  would  commend  itself  for  general  intro- 
duction must  not  only  be  a  satisfactory  one  in  the  hands  of  its 
originators,  but  that  it  must  also  be  capable  of  5delding  con- 
cordant results  when  operated  by  others.  This  can  only  be 
determined  by  a  fair  and  impartial  trial. 

If  the  inducements  pertaining  to  von  Schulz  and  Low's  zinc 
method  seem  sufficient  to  warrant  other  chemists  in  investi- 
gating its  merits,  the  committee  will  be  glad  to  aid  such  in 
furnishing  requisite  material ;  and  it  will  no  less  be  pleased  to 
publish  such  criticism  as  may  be  offered,  if  weaknesses  in  the 
method  which  are  not  now  apparent,  jire  thereby  disclosed. 

Note  by  thb  Editor.— The  following  correctionB  from  von  Schulx  and  Low  were  re- 
ceived too  late  for  inaertion  in  the  proper  place:  "After  the  word  *  solution',  thirteenth 
line  from  top  of  page  492  add  the  following:  Owing  to  the  fact  that  ores  rich  in  sulfur 
occasionally  react  too  violently  by  this  treatment  it  in  best  to  vary  the  method  in  such 
cases  by  first  adding  five  cc.  strong  nitric  acid  to  the  ore  and  heating  in  a  covered 
casserole  until  the  mass  begins  to  become  pasty,  and  then  remove  from  the  heat  and 
add  twenty  cc.  of  the  chlorate  solution  and  finish  the  evaporation  as  usual. 

'''Uranium  acetate/  p.  491.  fourteenth  line  from  bottom,  and  p.  493,  the  ninth  and  the 
fifteenth  line  from  bottom  should  read  '  uranium  nitrate.' " 


THE  QUALITATIVE  DETECTION  OF  NICKEL 

AND  COBALT.* 

By  Fred.  J.  Hambly. 

The  qualitative  detection  of  nickel  in  presence  of  cobalt  is  often 
a  diflSculty  with  the  beginner  in  the  study  of  analysis.  When 
the  conditions  are  correctly  understood,  Liebig's  cyanid  separa- 
tion,— ^the  essential  details  of  which  were  fully  worked  out  by 
Gauhe  i^Ztschr,  anal,  Chem,^  1866,  p.  75)  in  1866, — is,  in  the 
writer's  experience,  the  simplest  and  most  rapidly  executed. 
Although  clearly  stated  by  Fresenius  in  his  Qnantitative  An- 
alysis,^ so  far  as  I  am  aware,  there  is  not  one  of  all  the  multi- 
tude of  text-books  on  qualitative  analysis  in  our  language  which 
recommend  this  method  that  does  not  introduce  some  unnecessary 
condition  into  the  procedure,  as  in  most  cases  the  student's 
difficulties  arise  not  from  his  own  incapacity,  but  from  the  faulty 
description  given  by  his  text-book, 

•Chem.  News,  65,  289, 

t  Seventh  English  Edition,  x.  444.    In  his  Qualitative  Analysis  Presenilis  adopts  the 
more  tedious  nitrite  separation. 
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Although  the  subject  is  not  original,  it  may  therefore  be  useful 
to  call  the  attention  to  the  simplest  and  most  satisfactory  method 
of  working.  Gauhe  shows  conclusively  that  the  conversion  of 
potassium  cobaltous  cyanid  into  the  cobalticyanid  by  boiling  with 
hydrocyanic  acid  (at  best  a  dangerous  experiment),  is  always  in- 
complete ;  but  that  by  means  of  a  suitable  oxidizing  agent,  in 
alkaline  solution  the  cobalt  may  be  directly  converted  into  the 
soluble  cobalticyanid,  the  nickel  being  simultaneously  precipita- 
ted as  hydrated  nickelic  oxid.  The  method  of  detecting  nickel 
in  presence  of  cobalt  is  then  as  follows:  Separate  the  mixed 
sulfids  from  the  ammonium  sulfid  precipitate  by  means  of 
cold  dilute  hydrochloric  .acid,  and  test  a  small  portion  in 
a  borax  bead.  The  presence  or  absence  of  anything  more  than  a 
trace  of  cobalt  is  directly  indicated  by  the  coloration  produced. 
Dissolve  the  sulfids  in  hot  hydrochloric  acid  with  the  aid  of 
potassium  chlorid,  boil  off  the  excess  of  chlorin  and  remove  the 
excess  of  acid  either  by  neutralization  or  evaporation  to  dryness. 
To  the  neutral  solution  add  an  excess  of  freshly  prepared  solution 
of  potassium  cyanid  in  cold  water,  deyond  what  is  necessary  tore- 
dissolve  the  precipitated  cyanids.  Boiling  is  unnecessary.  Make 
the  solution  decidedly  alkaline  with  sodium  hydrate,  add  about 
twice  the  volume  of  bromin  water,  heat  gently,  allow  to  stand 
a  few  minutes,  and  filter  off  the  precipitated  nickelic  oxid.  The 
nickel  may  be  confirmed  by  the  borax  bead  reaction  after  wash- 
ing the  precipitate. 

The  action  of  the  oxdizing  agent  can  be  represented  by 
equations,  thus : — 

2KCNCo(CN),  +  2KCN  +  Br=K.Co(CN),+  KBr 

2KCNNi(CN)2  +  3NaOH  +  Br  = 

=  Ni(0H).+  NaBr+2KCN  +  2NaCN 

There  is  no  liberation  of  hydrocyanic  acid  at  any  stage  of  the 
process,  so  the  operations  may  be  safely  conducted  in  the  open 
laboratory.  Commercial  cobalt  salts  almost  invariably  give  a 
precipitate  of  nickelic  oxid.  The  cyanid  method  has  the  advan- 
tage over  the  precipitation  of  the  cobalt  as  potassium  cobaltini- 
trite,  in  that  the  separation  is  most  frequently  carried  out  with 
the  object  of  detecting  nickel,  which  metal  is  immediately  sepa- 
rated as  a  precipitate  readily  available  for  examination. 
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If  the  analysis  is  to  include  a  search  for  traces  of  cobalt,  the 
alkaline  filtrate  from  the  nickel  precipitate  is,  in  the  draught 
atpboard^  acidified  with  excess  of  sulfuric  acid,  and  evaporated 
until  the  excess  of  acid  is  nearly  expelled.  The  residue  is  taken 
up  with  water,  made  alkaline  with  ammonia,  the  cobalt,  if  pres- 
ent, precipitated  by  ammonium  sulfid,  and  confirmed  by  the 
borax  bead.  Or,  a  portion  of  neutral  solution,  containing  the 
nickel,  may  be  treated  with  acetic  acid  and  potassium  nitrite, 
and  the  traces  of  cobalt  directly  precipitated  by  allowing  to  stand 
for  a  few  hours. 


NOTE  ON  THE  EFFECT  OF  SEDIMENTATION  ON 
THE  SELF-PURIFICATION  OF  RUNNING 

STREAMS.* 

[contkibutions  from  thb  i^boratory  of  rensselaer  polytechnic  institute.] 

By  W.  p.  Mason  and  C.  C.  Arosemena. 

The  question  of  sedimentation  is  one  which  has  been  con- 
sidered by  some  authorities  as  of  vital  importance  in  the  self- 
purification  of  streams.  With  a  view  of  determining  to  what 
extent  it  can  be  depended  upon,  the  following  investigation  was 
undertaken. 

Upon  four  different  occasions  (covering  various  conditions  of 
medium,  high  water,  and  flood)  samples  were  analyzed  from  that 
section  of  the  Hudson  River  extending  between  Troy  and  Albany. 
The  stations  at  which  samples  were  taken  were  situated  a  little 
over  one  mile  apart,  beginning  at  State  street,  Troy,  and  ending 
at  the  Albany  Intake,  five  miles  below.  Two  samples  were 
taken  at  each  station  during  ebb  tide  and  in  mid-channel ;  one 
two  feet  from  the  surface  and  the  other,  as  near  as  could  be 
judged,  two  feet  from  the  bottom. 

The  bottom  samples  are  designated  throughout  this  paper  by 
priming  the  letter  used  to  designate  the  corresponding  upper 
sample.     The  letters  used  are  from  A  to  F  inclusive. 

The  first  set  of  samples  was  taken  on  April  26,  the  river  being 
two  feet  above  normal.     The  appearance  of  the  water  at  that 

•The  followiii]?  was  presented  by  Mr.  Arosemena  as  a  Rraduation  thesis  for  the 
degree  of  B.  S.,  at  the  Rensselaer  Polytechnic  Institute,  in  June,  1892.  The  work  is 
entirely  his  own,  and  was  undertaken  at  my  sug^grestion  and  under  my  observation. 

W.  P.  Mason. 
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time  was  clear,  and,  owing  to  warm  weather  during  the  early 
part  of  April,  all  snow  water  was  probably  absent  from  the  river. 

The  second  set  of  samples  was  taken  on  May  12,  the  water 
being  4.2  feet  above  normal.  The  state  canals  had  already  been 
opened  and  numerous  tugs  and  steamboats  agitated  the  water ;  it 
had  rained  on  the  previous  day.     The  water  appeared  clear. 

The  third  set  of  samples  was  taken  on  May  23,  the  water  being 
very  turbid  and  reading  11.5  feet  above  normal. 

On  May  31  the  fourth  and  last  set  of  samples  was  collected. 
The  water  was  still  high,  reading  9.5  feet  above  normal  and  was 
very  turbid. 

All  samples  were  analyzed  as  soon  as  obtained  and  the 
analytical  results  expressed,  in  parts  per  million,  as  well  as  their 
graphical  representation,  are  given  beyond  (the  charts  are 
omitted).  From  the  examination  of  these  data,  the  conclusion 
seems  to  be  justified  that  water  containing  a  considerable  amount 
of  suspended  matter  capable  of  settling  is  to  a  certain  degree 
purified,  in  accordance  with  the  well  known  laboratory  observa- 
tion that  solid  material,  no  matter  how  minute,  on  settling  will 
often  drag  with  it  and  precipitate  more  or  less  other  materials, 
even  though  the  latter  be  in  solution. 

As  expected,  total  solids  were  higher  during  flood ;  at  the  same 
time  the  analysis  showed  the  water  in  a  poorer  condition  than 
when  the  river  was  low,  even  though  the  dilution  was  much 
greater.  This  is  to  be  accounted  for  by  the  fact  that  during  high 
water  a  great  increase  of  surface  washing  occurs  which  always 
carries  greatly  increased  impurities  to  the  main  stream. 

The  examination  of  the  total  solids  shows  sedimentation  at 
all  stages  of  the  river,  the  average  being  nearly  constant 
throughout  the  entire  distance. 

Such  sedimentation  is,  however,  decidedly  small.  An  idea  of 
of  the  amount  deposited  may  be  obtained  from  the  fact  that 
average  differences  between  the  upper  and  the  lower  samples  at 
station  C  is  3.47  per  cent,  of  the  total  solids  in  the  upper  sample. 
A  glance  at  the  table  of  required  oxygen  can  not  do  otherwise 
than  disclose  the  fact  that  sedimentation  has  taken  place,  though 
in  this  case  the  percentage  of  improvement  is  much  smaller  than 
what  is  indicated  by  the  total  solids.     The  fact  that  free  ammonia 
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has  increased  shows  that  a  step  toward  oxidation  has  taken  place. 

During  flood,  albuminoid  ammonia  has  increased,  owing  to 
more  fresh  organic  matter  coming  into  the  stream  and  decompos- 
ing from  the  first  to  the  second  stage  of  oxidation. 

In  order  to  get  some  idea  of  general  purification,  the  following 
is  a  tabulated  statement  showing  the  amount  of  each  ingredient 
in  the  upper  sample  at  Albany  as  compared  with  the  correspond- 
ing one  at  Troy.  The  calculations  are  based  on  the  average 
results  in  parts  per  million. 

Troy. 

Free  ammonia  0.0418 

Albuminoid  ammonia  0.1667 

Required  oxj'gen  6.5310 

Nitrates  '  0.4636 

Total  solids  94 . 2  500 

Nitrites  were  found  in  traces  only.  The  results  on  required 
oxygen  show  some  improvement,  but  the  differences  are  too 
small  to  be  noteworthy.  Nitrates  have  a  tendency  to  run  high 
in  lower  samples,  giving  signs  of  oxidation,  but  such  oxidation 
appears  to  be  exceedingly  slow,  judging  from  the  results  here 
obtained. 

A  review  of  the  evidence  herewith  given  leads  to  the  belief 
that  sedimentation  is  at  times  a  source  of  river  purification  in 
streams  such  as  the  Hudson,  although  not  nearly  so  pronounced 
a  one  as  has  been  heretofore  held. 


Albany. 
0.6000 

0.1550 

5.8750 
0.4872 

116.0000 


FREE 

AMMONIA. 

I 

2 

3 

4 

Average 

A 

0.0425 

0.0350 

0.0375 

0.0550 

0.04187 

A' 

0.0325 

0.0250 

0.0175 

0.0550 

0.03250 

B 

0.0650 

0.0260 

0.0175 

0.0800 

0.04172 

B'  . 

0.0750 

0.0260 

0.0200 

0.0500 

0.04275 

C 

0.0600 

0.0550 

0.0900 

0.0550 

0.06500 

C 

0.0700 

0.0450 

0.0400 

0.0400 

0.04875 

D 

0.0413 

0.0600 

0.0550 

0.0650 

0.05542 

D' 

0.0400 

0.0350 

0.0550 

0.0700 

0.05000 

E 

0.0375 

0.0450 

0.0550 

0.0600 

0.04947 

E' 

0.0375 

0.0350 

0.0540 

0.^400 

0.04287 

F 

0.0200 

0.0600 

0.0820 

0.0800 

0.06000 

F' 

0.0200 

0.0500 

0.0610 

0.0650 

0.04900 
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ALBUMINOID   AMMONIA. 


I 

2 

3 

4 

Average 

A 

0.1375 

0.1700 

0.1925 

0.1670 

0.16675 

A' 

0.0975 

0.1200 

0.1995 

0.1550 

0.16750 

B 

0.1550 

0.1900 

0.2225 

O.IOOO 

0.16687 

B' 

0.1750 

0.1800 

0.2150 

0.1250 

0.17325 

C 

1  1  ,      M 

0.0950 

0.0850 

0.2450 

0.1700 

0. 14875 

c 

0. 1050 

0.1 100 

0.2750 

0.1350 

0.15625 

D 

0.0837 

0.0900 

0.2400 

0.1750 

0.14717 

D' 

0.1300 

0.1200 

0.2500 

0.1350 

0.15875 

E 

0. 1 105 

0.1350 

0.2100 

0.1900 

0.16137 

E' 

0.1275. 

0.1200 

0.1950 

0.1700 

0.15312 

F 

0.1200 

0.1 150 

0.2000 

0.1850 

0.15500 

F' 

0.0950 

0.1300 

0.2050 

0.1350 

0.14125 

NITRATES. 

I 

2 

3 

4 

Average 

A 

0.5125 

0.4992 

0.4996 

0.3432 

0.46365 

A' 

0.6314 

0.5060 

0.4246 

0.3432 

0.47630 

B 

0.6028 

0.5047 

0.4246 

0.3696 

0.46882 

B' 

0.7400 

0.5879 

0.4224 

0.3960 

0.53657 

C 

0.4830 

0.4796 

0.4488 

0.3916 

0.45075 

C 

0.5984 

0.5072 

0.6688 

0.4048 

0.54480 

D 

0.4960 

0.4752 

0.4796 

0.3828 

0.45840 

D' 

0.4972 

0.4092 

0.4796 

0.3784 

0.441 10 

E 

0.4994 

0.4004 

0.4796 

0.4752 

0.46365 

E' 

0.4994 

0.4092 

0.5085 

0.4884 

0.47662 

F 

0.4928 

0.5632 

0.5056 

0.3872 

0.48720 

F' 

0.4928 

0.5720 

0.5623 

0.4136 

0.51017 

REQUIRED    OXYGEN. 

I 

2 

3 

4 

Average. 

A 

5.6500 

5.8500 

7.8750 

6.7500 

6.53i«^ 

A' 

5.7000 

5.6500 

7.8750 

6.7500 

6.49300 

B 

5.8000 

6.7500 

7.1000 

7.1500 

6.70000 

B' 

5.6000 

6.7500 

6.6000 

7.3500 

6.57500 

C 

4.8500 

4.3500 

6.9500 

5.7000 

5.46200 

C 

5.5000 

5.6000 

7.5000 

5.5500 

6.03700 

D 

5.2000 

4.9500 

6.8000 

5.2500 

5.55000 

D' 

5.3500 

4.6000 

7.3500 

6.8000 

6.02500 

E 

5.1000 

6.3000 

7.1000 

6.2000 

6.15000 

E' 

5.3500 

6.7000 

7.6000 

6.2000 

6.46200 

F 

4.9500  • 

5.7000 

7.5000 

5.8000 

5.87500 

F' 

5.3500 

5.4000 

7.3500 

5.7500 

5.96200 
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A 

A' 

B 

B' 

C 

C 

D 

D' 

E 

E' 

F 

F' 


TOT  A  I, 

SOUDS. 

I 

2 

3 

4 

Average 

63.00 

60.00 

150.00 

90.00 

94.25 

48.00 

62.00 

151.00 

99.00 

90.00 

54.00 

55-00 

149.00 

98.00 

89.00 

55.00 

57.00 

149.00 

100.00 

90.25 

63.00 

64.00 

153.00 

101.00 

95.25 

63.00 

64.00 

163.00 

104.00 

98.50 

65.00 

86.00 

165.00 

96.00 

103.00 

66,00 

89.00 

169.00 

99.00 

105.75 

73.00 

56.00 

166.00 

92.00 

96.75 

78.00 

59.00 

170.00 

90.00 

99.25 

80.00 

90.00 

179.00 

115.00 

116.00 

82.00 

91.00 

172.00 

110.00 

113.75 

ANALYSIS  OF  LIME  ROCKS  FROM  MAINE. 

By  Praxklxn  C.  Robinson. 

The  chief  lime  region  of  Maine  is  in  Knox  and  Lincoln 
counties  in  the  towns  of  Rockland,  Thomaston,  and  Warren. 
Lime  has  been  burned  in  that  locality  for  a  century  or  more  and 
its  reputation  for  building  purposes  is  of  the  highest.  I  have 
recently  had  samples  of  the  rock,  which  I  collected  myself, 
analyzed  in  my  laboratory,  and  they  show  the  general  character 
which  such  lime  must  have. 

The  rock  shows  little  sign  of  crystallization,  but  is  gray, 
massive  or  finely  granular,  with  appearance  of  stratification. 
Two  kinds  of  rock  are  distinguished  by  the  miners,  called  *  *  soft 
rock"  and  **hard  rock."  The  hard  rock  evidently  contains 
more  silica,  and  when  it  contains  so  much  as  to  injure  the  quality 
of  the  lime  it  is  called  **poor  rock."  Streaks  of  poor  rock  are 
found  in  all  the  quarries  and  many  have  been  abandoned  on  that 
account. 

It  will  be  noticed  that  the  magnesia  is  small  in  most  of  the 
Rockland  limes,  but  still  it  is  always  present  and  in  one  case 
amounts  to  over  twenty  per  cent.  On  the  other  hand,  some  of 
the  Warren  rocks  are  true  dolomites.  These  latter,  too,  are 
whiter  in  color,  and  show  distinct  crystallization  and  cleavage. 

Local  names  of  quarries  are  given,  but  all  those  analyzed  in 
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each  town  are  in  close  proximity,  except  that  from  Case  and 
Glover  vein,  which  is  a  mile  or  more  from  the  others  in  Rockland. 


Silica 

Iron  and  alumina 

Calcium  carbonate  .... 

Magnesium  carbonate. 

Total   


• 

• 

a 

• 

.  e 

,^ 

a 
> 

• 

a 

• 

8 

trock, 
eQuar 

5^ 

1!« 

2  ot 

*:  0 

IS 

1^ 

St 

1^ 

11 

^1 

*^  a 

0 

8 

5 

0.87 

1.8 

2.52 

2.48 
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Much  credit  is  due  Mr.  C.  H.  Cutts  for  the  careful  manner  in 
which  the  analyses  were  made. 

Chemical  Laboratory  of  Bowdoin  College. 


PHOSPHORIC  ACID  IN  BERYL. 

By  Franklin  C.  Robinson. 

Several  years  ago  (Spring  of  1883)  Prof.  J.  Torrey,  Jr.,  now 
of  the  Harvard  Laboratory,  then  a  student  in  Bowdoin,  found  a 
mineral  in  the  neighboring  town  of  Yarmouth  which  was  of  such 
peculiar  appearance  that  I  suggested  that  an  analysis  be  made. 
Its  appearance  suggested  a  beryl;  that  is,  it  was  of  the  well 
known  beryl  form,  but  had  hardly  the  suggestion  of  green  color 
and  the  crystallization  was  rather  indistinct.  His  analysis  gave 
silica  lower  and  alumina  higher  than  they  should  be  in  beryl, 
and  in  addition  phosphoric  acid  and  alkalis  were  discovered  to 
the  amount  of  several  per  cent.  Our  notes,  made  at  the  time, 
show  that  while  sodium  and  potassium  were  the  chief  alkalis  in 
amount,  undoubted  traces  of  lithium  and  caesium  were  also 
present. 

Our  decision  then  was  that  the  mineral  was  probably  not  a 
beryl,  and  it  was  laid  aside  for  future  work.  Since  then,  as  is 
well  known,  other  observers  have  proved  the  general  presence 
of  alkalis  in  beryl,  and  I  have  only  awaited  a  favorable  oppor- 
tunity to  re-examine  the  specimen  and  see  if,  after  all,  our  first 
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impression  as  to  its  being  a  beryl  may  not  have  been  correct. 
My  assistant,  Mr.  C.  H.  Cutts,  has  now  made  such  re-examination 
with  the  following  results : 

Color,  gray  to  white,  with  mere  trace  of  green.     Hardness,  7.    Specific  grravity. 

2.637.    L.08S  on  drying'  at  100*  C,  0.53  per  cent. 

Per  Cent. 

Loss  on  ignition  1.53 

Silica 64.70 

Alumina 17.76 

Beryllium  oxid 12. 18 

Phosphoric  acid  .  • 3.76 

Alkalis  (NagO,  K,0,  Li,0,  Cs,0) i.io 

100.Q3 

Regarding  the  phosphoric  acid  and  alkalis  as  replacing  a  part 
of  the  beryllium,  we  have  the  numbers  i,  2,  6,  12,  for  water, 
alumina,  beryllium  oxid,  silica,  respectively,  showing  that  the 
mineral  is  really  a  beryl.  The  former  low  result  in  silica  was 
not  obtained  owing  to  greater  care  in  selecting  a  pure  specimen 
for  analysis. 

The  presence  of  phosphoric  acid  in  this  led  me  to  have  it 
tested  for  in  other  specimens  of  beryl,  with  the  result  that  its 
presence  has  been  detected  in  nearly  every  case ;  but  in  no  other 
specimen  has  so  large  a  percentage  been  found.  I  am  unaware 
that  any  notice  of  the  fact  that  phosphoric  acid  is  frequently 
present  in  beryls  has  before  been  published. 

CHEincAL  Laboratory  op  Bowdoin  College. 


AN  EFFECTIVE  CONDENSER  FOR  VOLATILE 
LIQUIDS  AND  FOR  WATER  ANALYSIS. 

By  W.  a.  Noyes. 

An  effective  condenser  has  recently  been  described  by  Evers.* 
The  condenser  illustrated  by  the  cut  below  is  similar  in  principle 
but  has  the  advantage  that  it  can  be  easily  made  from  ordinary 
laboratory  materials.  A  small  glass  tube  is  selected  about  twice 
as  long  as  the  internal  tube  of  a  Liebig*s  condenser,  and  having 
an  external  diameter  a  little  less  than  one-half  as  great  as  the 
internal  diameter  of  the  tube  of  the  condenser.  The  tube  is 
bent  sharply  on  itself  in  the  middle,  taking  care  to  firing  the 
two  sides  close  enough    together    at  the    bend    so    that  the 

*B^.  d.  chem.  Gts.^  34,  3950. 
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U  tube  formed  will  enter  the  internal  tube  of  the  condenser. 
The  tube  must  not,  however,  close  upon  itself  at  the  bend  in 
such  a  way  as  to  impede  the  flow  of  water  through  it.  The  two 
ends  of  the  tube  are  bent  over  so  as  to  form  an  angle  of  about 
forty-five  degrees.  The  small  tube  is  then  inserted  into  the 
lower  end  of  the  Liebig*s  condenser  with  the  bent  ends  directed 


upward.  The  tube  and  condenser  are  connected  with  the  water 
supply  in  such  a  way  that  the  water  passes  first  through  the 
small  tube  and  then  through  the  outer  tube  of  the  condenser. 

I  have  found  the  condenser  especially  useful  in  water  analysis 
in  determining  ammonia,  where  it  is  essential  that  the  distillate 
should  be  thoroughly  cooled.  I  am  indebted  to  Mr.  A.  V.  H. 
Mory  for  the  accompanying  drawing. 

Rose  Polytechnic  Institute,  Oct.,  1893. 


THE  DETECTION  AND  ESTIMATION  OF  MINUTE 
QUANTITIES  OF  LEAD  IN  THE  PRESENCE 
OF  COPPER  AND  IRON.* 

By  Prank  L.  Tekd,  D.Sc. 

I  propose  first  to  refer  to  the  detection  of  lead  in  sulfuric  acid. 
The  usual  method  is  by  dilution  with  water,  but  I  found,  some 
years  ago,  that  by  adding  hydrochloric  acid  to  the  sulfuric  acid, 
and  keeping  it  cold,  a  much  smaller  quantity  of  lead  could  be 
detected  than  by  adding  water,  or  even  by  adding  water  and 
subsequently  an  equal  volume  of  absolute  alcohol.  The  lead  is 
precipitated  as  chlorid  as  a  peculiar  pearly  opalescence.  I  pat- 
ented this  process  for  the  purpose  of  removing  lead  from  sulfuric 
acid,  which  it  does  perfectly,  but  sulfuric  acid  manufacturers 
assure  mt  that  there  is  no  commercial  value  in  any  process  that 
would  effect  such  a  result.     Although  leaving  something  to  be 

•The  Analyst.  Aug.,  1892. 
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desired  as  a  patent,  the  process  is  still  of  use  as  a  test  on  account 
of  its  delicacy.  It  can  be  applied  to  the  detection  of  minute 
quantities  of  lead  in  organic  substances.  Take,  for  instance,  a 
substance  which  is  generally,  I  may  say  invariably,  contami- 
nated with  lead — tartaric  acid.  The  lead  is  a  little  difficult  of 
detection  by  the  ordinary  process,  because  sulfid  of  lead,  as  we 
know,  is  more  or  less  soluble  in  tartaric  acid.  If  the  tartaric 
acid  is  ignited,  a  large  proportion  of  the  lead  is,  of  course,  lost, 
but  some  is  left,  and  there  is  sufficient  in  the  small  quantity  of 
ash,  if  digested  with  pure  sulfuric  acid,  to  show  the  character- 
istic reaction  on  the  subsequent  addition  of  hydrochloric  acid. 
While  on  the  use  of  hydrochloric  acid  as  a  test  for  lead  in  sul- 
furic acid,  I  may  mention  that  nitric  acid  is  also  a  test  for  lead 
in  sulfuric  acid ;  but  it  is  not  nearly  so  delicate  as  hydrochloric 
acid.  If  to  a  sample  of  commercial  sulfuric  acid  which  is  very 
rich  (/.  e,y  wery  impure)  in  lead,  nitric  acid  is  added,  the  lead 
mainly  settles  out,  but  still,  after  treatment  with  nitric  acid,  lead 
can  be  detected  by  the  addition  of  hydrochloric  acid.  Hydro- 
chloric acid  gas  is  insoluble  in  sulfuric  acid,  and  if  passed  through 
strong  sulfuric  acid  which  is  highly  contaminated  with  lead  for 
an  hour  or  more,  nothing  whatever  happens ;  but  if  to  that  acid 
in  a  test  tube  a  single  drop  of  the  solution  of  hydrochloric  acid, 
or  a  crystal  of  common  salt  is  added,  the  characteristic  precipi- 
tate at  once  appears. 

The  main  object  of  my  paper  was  to  draw  attention  to  the 
difficulty  of  detecting  and  estimating  minute  quantities  of  lead 
in  presence  of  copper  and  iron.  There  are  certain  temperance 
drinks,  such  as  lemonade  and  soda  water,  which,  in  the  process 
of  manufacture,  are  liable  to  contain  at  least  these  three  metallic 
impurities.  In  the  case  of  lemonade,  the  lead  occurs  partly  in  the 
tartaric  acid  used,  and  partly  comes  from  the  use,  perhaps  one 
ought  to  say  abuse,  of  lead  pipes  for  transferring  the  charged 
solutions;  and  the  copper  comes  from  the  copper  cylinders 
(although  tin-lined)  in  which  the  drink  is  charged  with  carbonic 
acid.  Hence  the  difficulty  arises  of  detecting  a  highly  poison- 
ous metal  like  lead,  in  the  presence  of  a  mildly  poisonous  metal 
like  copper,  and  a  non-poisonous  metal  like  iron.  The  most 
delicate  reaction   for  both   lead   and   copper  is,  I  believe,  the 
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precipitation  as  sulfids,  either  by  hydrogen  sulfid  or  ammonium 
sulfid.  The  amounts  present  can,  of  course,  be  estimated  colori- 
metrically  by  comparison  with  known  quantities.  I  find  the 
sulfid  reaction  far  more  delicate  in  the  case  of  copper  than  the 
ferrocyanid  reaction.  I  do  not  think  the  hundredth  of  a  grain 
of  copper  in  a  gallon  of  liquid  could  be  detected  by  means  of 
the  ferrocyanid  reaction  without  concentration,  but  ammonium 
sulfid  would  easily  detect  it.  The  objection  to  this  reagent  is 
that  it  does  not  distinguish  between  lead  and  copper.  To  effect 
this  distinction  I  simply  make  use  of  the  well-known  fact  that 
sulfid  of  copper  is  soluble  in  cyanid  of  potassium,  whereas  sul- 
fid of  lead  is  not.  To  perform  a  determination :  Place  a  meas- 
ured quantity  of  lemonade,  or  other  liquid,  in  a  cylinder  or 
white  basin.  Add  a  few  cc.  of  ammonia  and  a  little  cvanid  of 
potassium,  then  add  a  minute  quantity  of  ammonium  sulfid. 
Down  comes  the  lead,  but  not  the  copper.  Then  imitate  the 
color  by  known  quantities  of  lead  precipitated  under  similar  con- 
ditions. Iron  does  not  at  all  interfere  with  the  test.  If  an  iron 
salt  is  added  to  lemonade,  for  instance,  and  made  alkaline  with 
ammonia,  the  iron  is  kept  in  sotution  by  the  tartaric  acid,  and 
on  addition  of  cyanid  of  potassium  is  converted  into  a  ferro  or 
ferricyanid,  not  precipitable  by  ammonium  sulfid.  In  the  case 
of  liquids  not  containing  tartaric  acid,  it  is  easy  enough  to  add 
a  little  in  the  event  of  iron  being  present. 

DISCUSSION. 

Mr.  Bertram  Blount  said  that  with  reference  to  the  general 
question  of  testing  for  lead  in  small  quantities,that  there  was  one 
test,  the  merits  of  which  Mr.  Allen  and  Mr.  Harvey  had  done 
much  to  make  known.  He  referred  to  the  chromate  test,  which 
he  constantly  used  for  all  purposes ;  it  was  not  only  exceedingly 
delicate  if  properly  carried  out,  but  also  extremely  characteristic. 

Mr.  Sidney  Harvey  said  that  in  water  containing  a  fiftieth 
part  of  a  grain  of  lead  per  gallon,  the  metal  could  be  precipi- 
tated by  bichromate  of  potash.  If  allowed  to  stand  for  twelve 
hours  the  water  could  be  poured  off  to  the  last  drop,  and  the 
chromate  of  lead  could  then  be  advantageously  stirred  up  with  a 
little  distilled  water  and  turned  into  a  smaller  vessel,  say  a  half- 
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inch   test  tube,   when  a  precipitate  visible  both   by  color  and 
amount  would  quickly  settle. 

Mr.  E-    Russell  Budden   said  he  had  found   that  when  the 
chromate    test  was  used   in   the  presence  of  organic  matter, 
a  reduction  always  took  place.     For  instance,  in  a  case  of  test- 
ing for  lead  in  lemonade,  if  one  used  the  chromate  test  with  the 
original  liquid,  and  allowed  it  to  stand  for  a  time,  in  a  great 
many  cases,   presumably  from  the  fact  of  tartaric  acid  or  other 
reducing  agents  being  present,  a  green  chromium  salt  was  pro- 
duced, and  the  chromate  precipitate  was  practically  unobservable. 
He  did  not  know  whether  any  of  the  members  had  observed  the 
same  thing,  but  it  had  been  an  insuperable  difl&cuhy  with  him 
in   applying  the  test   in   presence   of  organic   matter.     Whilst 
speaking  of  the  chromate  test,  he  would  mention  that  he  had 
adopted  the  method  of  observing  it  under  different  conditions  of 
light  to  those  usually   recommended.    *He  believed  the   usual 
method  was  to  place  the  water  in  a  cylinder  or  vessel  of  some 
kind  to  allow  of  settlement  and  decantation.     He  had  found  that 
if  the  test  were  observed  in  an  ordinary  light,  very  frequently  a 
minute  trace  of  lead  escaped  observation ;  but  if  the  light  were 
shed  in  such  a  way  that  an  oblique  beam  fell  through  the  liquid, 
all  other  light  being  excluded,  a  characteristic  opalescence  could 
be  detected.     He  used  a  square  box  sufficiently  large  to  contain 
a  good  sized  flask,  and  so  constructed  that  the  light  came  only 
through  an  aperture  in  the  upper  part.     By  adopting  this  method, 
he  was  able  to  detect  exceedingly  minute  quantities  of  lead  in 
waters,  quantities  which,  without  these  precautions,  the  method 
utterly  failed  to  give  any  indication  of.     He  had  been  worrying 
over  this  matter  for  a  very  long  time,  and  had  tried  the  experi- 
ment in  presence  of  copper  and  other  metals.     In  addition  to  the 
two  or  three  metals  mentioned  by  Dr.  Teed,  tin  was  occasionally 
present  in  artificial  mineral  waters ;  and  he  had  also  found  traces 
of  antimony.     He  believed  the*  President  could  bear  him  out  so 
far  as  the  tin  was  concerned. 

Dr.  Teed,  in  reply,  said  that  he  was  obliged,  in  testing  lemon- 
ades, to  abandon  the  chromate  test  for  reasons  similar  to  those 
mentioned  by  Mr.  Budden.  He  would  like  to  know  whether 
Mr.  Blount  or  any  other  member  had  personal  experience  with 
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the  chromate  test  in  presence  of  tartaric  acid  or  other  organic 
matters,  such  as  occurred  in  commercial  lemonades.  With 
regard  to  the  presence  of  tin  and  antimony,  they  would  not 
interfere  with  the  test  for  lead,  it  being  performed  in  an  alkaline 
solution  with  ammonium  sulfid  as  the  precipitant. 


THE  SEPARATION  OF  LIME  AND  MAGNESIA  FROM 

ZINC  AS  PHOSPHATES. 

By  George  C.  Stone. 

Wishing  to  find  a  method  of  separating  lime  and  magnesia 
from  zinc  that  did  not  necessitate  the  use  of  the  very  troublesome 
sulfid  of  zinc,  it  occurred  to  me  that,  as  phosphate  of  zinc  was 
very  soluble  in  ammonia  and  phosphates  of  lime  and  magnesia 
were  insoluble,  possibly  a  method  could  be  based  on  this  reaction. 
My  first  experiments,  with  very  small  quantities  of  lime  and 
magnesia,  were  satisfactory ;  but  later,  when  I  tried  to  separate 
zinc  from  larger  quantities,  the  results  were  low.  Knowing  that 
the  presence  of  ammonium  chlorid  increases  the  solubility  of 
zinc  salts  I  next  tried  adding  some  to  the  solution,  with  most 
satisfactory  results.  It  appeared  probable  that  manganese  coidd 
be  separated  from  zinc  by  the  same  reaction ;  but  this  proved  not 
to  be  the  case,  because  it  is  necessary  to  heat  the  precipitate  of 
phosphate  of  manganese  until  it  crystallizes  in  order  to  com- 
pletely precipitate  the  manganese,  and  if  the  solution  is  heated 
some  zinc  precipitates. 

After  making  a  number  of  experiments  to  find  the  proper 
amounts  of  ammonia  and  ammonium  chlorid  to  use  I  finally 
adopted  the  following  method  which  has  been  uniformly  suc- 
cessful. 

Ammonia  Solution, — Make  a  solution  of  loo  gms.  ammonium 
chlorid  in  700  cc.  of  strong  ammonia  and  dilute  to  one  liter. 

Nearly  neutralize  the  cold  solution  containing  lime,  magnesia, 
and  zinc,  with  ammonia  and  add  fifty  cc.  ammonia  solution  and 
one  cc.  of  a  ten  per  cent,  solution  of  salt  of  phosphorus  for  even' 
o.oi  gm.  of  zinc  present,  (a  larger  excess  does  no  harm),  allow 
the  precipitate  to  settle,  filter  and  wash  three  times  with  dilute 
(1:8)  ammonia.     Dissolve  in  hydrochloric  acid,  add  a  little  salt 
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of  phosphorus,  precipitate  by  twenty-five  cc.  ammonia  solution, 
let  settle,  filter  and  wash  as  before.  Combine  the  filtrates  and 
washings,  nearly  neutralize  with  nitric  or  sulfuric  acid,  and 
make  slightly  acid  with  acetic  acid.*  heat  to  about  80*  C.  until 
the  precipitate  crystallizes,  filter  and  wash  well  with  hot  water, 
dry,  ignite,  cool,  and  weigh  as  Zn,P,0,. 

If  mere  traces  of  lime  and  magnesia  are  present  one  precipita- 
tion  is  sufficient ;  but  if  more  than  three  or  four  milligrams  are 
present  two  should  be  made.  The  amount  of  ammonia  solution 
used  should  be  in  proportion  to  the  lime  and  magnesia  present. 
With  small  amounts  rather  less  than  the  quantities  given  above 
will  answer,  but  with  larger  quantities  it  is  better  to  use  more 
than  twenty-five  cc.  for  the  second  precipitation. 

Separation  of  Zinc  from  Lime, — I  made  solutions  containing 
the  amounts  of  lime  and  zinc  given  below.  For  Nos.  i  and  2 
I  used  twenty-five  cc.  ammonia  solution  for  each  precipitation  ; 
for  Nos.  3  and  4,  fifty  cc.  for  the  first  and  twenty-five  cc.  for  the 
second ;  and  for  Nos.  5  and  6,  fifty  cc.  for  the  first  and  thirty  cc. 
for  the  second. 


Cms. 

Cms. 

Gmfi. 

ro. 

Lime  Taken. 

Zinc  Taken. 

zinc  Pound. 

Error. 

I 

0.1 12 

04644 

0.4633 

— O.OOII 

2 

0.1 12 

0.2322 

0.2317 

—0.0005 

3 

0.224 

0.2322 

0.2339 

-H).ooi7 

4 

0.224 

0.1 161 

0.1 150 

—O.OOII 

5 

0.448 

0.1161 

0.1 140 

—0.00a  I 

6 

0.448 

0.0580 

0.0566 

—0.0014 

The  precipitate  of  phosphate  of  lime  is  very  bulky  and  rather 
troublesome  to  wash,  so  that  when  very  large  it  is  apt  to  retain 
some  zinc. 

Separation  of  Zinc  from.  Magnesia. — I  tried  a  similar  series 
with  magnesia  instead  of  lime.  For  all  I  used  fifty  cc.  ammonia 
solution  for  the  first  precipitation;  for  Nos.  7,  8,  9,  and  10  I 
used  twenty-five  cc. ,  and  for  Nos.  1 1  and  1 2  I  used  thirty  and 
thirty-five  cc.  for  the  second. 


Gms. 

Gms. 

Gma. 

^0. 

Magrnesia  Taken. 

Zinc  Taken. 

Zinc  Found. 

Error. 

\ 

0.1138 

0.4736 
0.2368 

0.4725 

—O.OOII 

0.1138 

0.2361 

—0.0007 
—0.0008 

9 

0.2275 

0.2368 

0.2360 

10 

0.2275 

0.1 184 

0.1184 

0.0000 

II 

0.4553 

0.1184 

0.1181 

—0.0003 

12 

0.4553 

0.0592 

0.0585 

—0.0007 

*  Larsre  amoimts  of  NH4C,H,0,  dissolve  some  ZnNH4p04,  but  NH4NO3  and  (NH4)9S04 
do  not.    See  this  Journal,  s,  67. 
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The  separation  from  magnesia  is  more  complete  and  takes  less 
time  than  the  separation  from  lime. 

Separation  of  Zinc  from  Lime  and  Magnesia, — The  method 
used  was  the  same  but  the  amounts  of  ammonia  solution  varied 
considerably. 


No. 

Cc.  Am. 
sol.  for 
1st  ppn. 

Cc.  Am. 
sol.  for 
2ud  ppn. 

Cms.  lime 
Taken. 

Cms.  Mg 
Taken. 

Cms.  Zn 
Taken. 

Gros.  Zn 
Found. 

Error. 

13 

25 

15 

ana 

0058 

0.2322 

0.2306 

—0.0016 

14 

25 

15 

ana 

ao58 

0.2547 

0.2530 

—0.0017 

15 

50 

20 

o.iia 

0.05S 

0.2547 

0.2553 

+0.0006 

16 

50 

ao 

0.224 

0.1 16 

0.2322 

0.2305 

—0.0017 

M 

50 

25 

0.224 

0.1 16 

0.2322 

0.2335 

+0.0013 

iS 

50 

ao 

0.336 

0.174 

0.2322 

0.2302 

— o.ooao 

19 

50 

25 

0.336 

0.174 

0.2322 

0.2319 

— O.OUOJ 

Increasing  the  amounts  of  ammonia  solution  gave  better  results 
in  each  case.  Precipitates  of  lime  and  magnesia  settle  better 
and  are  more  easily  washed  than  lime  alone. 

The  lime  and  magnesia  can  be  separated  by  the  method 
proposed  by  Chester*  as  follows :  Dissolve  the  mixed  phosphates 
in  hydrochloric  acid  and  nearly  neutralize  with  ammonia ;  boil, 
and  while  boiling  add  boiling  oxalate  of  ammonia ;  let  settle, 
filter,  and  wash  with  hot  water.  Treat  the  oxalate  of  lime  as 
usual.  Cool  the  filtrate  and  precipitate  the  magnesia  by  ammonia. 
One  precipitation  of  lime  is  sufficient.  The  two  following 
separations  were  made  by  this  method : 


Cms.  lime 

Gms.  lime 

Gms.  Ms^ 

Gms.  Mg: 

Gms.  Zn 

Gms.  Zn 

No. 

Taken. 

Pound. 

Taken. 

Found. 

Taken. 

Found. 

20 

0.2240 

0.2234 

0.1 160 

0.1 165 

0.1 161 

0.1157 

21 

0.2240 

0.2238 

0.1 160 

0.1 16S 

0.4644 

0.4638 

This  method  is  not  well  adapted  to  separating  very  small 
amounts  of  zinc  from  large  amounts  of  lime  and  magnesia.  In 
such  a  case  it  would  probably  be  best  to  precipitate  the  zinc  as 
sulfid,  decant  off  the  clear  solution  through  a  filter,  dissolve  the 
precipitate,  and  separate  as  phosphates.  Where  the  case  is  re- 
versed, and  there  is  a  very  small  amount  of  lime  or  magnesia 
with  much  zinc,  the  phosphate  method  works  well.  Using  a 
single  precipitation  with  twenty-five  cc.  of  ammonia  solution 
gave: 


No.                       Gms.  Taken. 

Gms. 
Zn  Taken. 

Gms. 
Zn  Pound. 

Error. 

22   Lime                 0.0022 

0.2338 

0.2329 

—0.0009 

23   Magnesia         0.0023 

0.2338 

02334 

—0.0004 

*Am.  Chem.,  1876.  p.  281. 


CONCERNING  THE  CONSTANT  TO  BE  USED  IN 
.CLERGET^S  INVERSION  PROCESS. 

From  the  Laboratory  of  Breyrr  and  Schwettzkr,  159  Front  St.,  N.  Y.  City.] 

The  attempt  made  by  Professor  B.  B.  Ross  in  the  August 
number  of  this  journal  to  refute  our  criticisms  of  the  action  of 
the  Official  Agricultural  Chemists,  who  changed  the  constant  to 
be  used  for  calculating  the  results  of  Clerget  s  process  of  inver- 
sion, only  proves  how  well  founded  our  objections  were. 

The  arguments  raised  by  Professor  Ross  in  defense  of  the 
change  as  adopted  by  the  Association  of  Official  Agricultural 
Chemists  are  the  following : 

I .  *  *  The  reporter,  Dr.  Stubbs,  did  not  intend,  so  I  understand, 
that  the  time  of  heating  in  inversion  should  remain  at  ten  min- 
utes as  in  the  original  Clerget  method,  but  that  the  time  em- 
ployed should  be  fifteen  minutes,  as  in  the  method  published  in 
the  proceedings  of  1889,  and  as  in  the  elective  method  given  in 
the  proceedings  of  1890,  the  omission  of  the  correction  as  to 
time  of  heating  being  merely  through  inadvertence.'* 

In  answer  to  this  we  cite  the  directions  given  in  Btdletin  No, 
jr,  page  233,  for  the  execution  of  the  modified  Clerget  method 
against  which  our  criticisms  were  directed :  *'  Place  in  hot  water 
and  heat  quickly  to  (5<?^C. ,  keep  this  temperature  for  exactly  ten 
mhiutes ;  remove,  cool  quickly  to  room  temperature,  and  polarize, 
noting  the  temperature.*'  From  this  peremptory  direction  it 
appears  that  Dr.  Stubbs  could  not  possibly  have  intended  a 
heating  for  fifteen  minutes  at  a  temperature  of  68°  to  75°  C,  as 
Professor  Ross  wishes  us  to  believe,  but  that  he  repeated  the 
directions  of  the  original  Clerget  method,  which,  for  the  better 
information  of  the  reader,  we  quote  from  Annates  de  Chimie  et 
de  Physique,  [3],  26,  201 : 

*'  La  liqueur  d6f6qu6e,  filtr6e  et  rendue  incolore,  apr&s  avoir  ^t^ 
soumise  a  une  premi&re  observation,  dont  il  est  pris  note,  est 
introduite  dans  un  matras,  dont  le  col  est  marqu6  de  deux  traits 
de  jauge  indiquant  Tun  une  capacity  de  50  cubique  centimetres 
et  Tautre  un  volume  de  55  cubique  centimetres,  de  telle  sorteque 
rintervalle  qui*existe  entre  les  deux  traits  soit  ^gal  au  dixi^me 
el  de  la  capacity  la  plus  grande.     On  verse  la  liqueur  seulement 
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• 

jusqu'Jl  la  hauteur  du  premier  trait  et  Ton  y  ajoute  jusqu'au 
niveau  du  second  trait  de  Tacide  chlorhydrique  pur  et  fumant. 
On  ag^te  pour  que  le  melange  soit  complet  et  Ton  place  le  matras 
dans  un  bain-marie  apr&s  y  avoir  plough  un  thermometre.  La  tem- 
perature est  port^e  au  moyen  d'une  lampe  k  alcohol  jusqu*&  +68°, 
en  r^glant  la  flamme  de  mani&re  k  ce  que  la  dur^e  de  chauffage 
soit  de  dix  minutes  environ,  on  retire  ensuite  le  matras  du  bain- 
marie  et  Von  depose  dans  un  second  vase  rempli  d'eau  froide." 

We  see  that  Clerget  recommends  a  temperature  of  68'' C.  for 
about  ten  minutes,  as  he  was  well  aware  of  the  fact  that  a  higher 
temperature  than  70"*  C.  greatly  affects  the  result  of  the  detenni- 
nation,  while  heating  for  a  minute  more  or  less  has  no  material 
influence  on  the  result.  The  correctness  of  this  observation 
has  been  verified  by  Landolt,  Tollens,  Herzfeld,  and  their 
pupils.  (Dammueller,  Zeitschrift fur  die  Ruebenzuckerindnsirie 
des  deiitschen  Retches,  1888 ^p,  742).  , 

Professor  Ross*  reference  to  the  method  given  in  the  bulletins 
of  1889  and  1890  might  lead  the  reader  to  infer  that  in  the 
bulletin  of  1891  only  slight  errors  were  contained,  which  might 
easily  be  corrected  by  looking  over  the  former  publications. 
That  such  are  not  the  facts  will  be  seen  by  the  following  citations : 

Biilletin  A^o.  28,  1 890,  page  215:  * '  Place  in  hot  water  bath  and 
heat  quickly  to  68**  C,  keep  at  this  temperature  for  exactly  ten 
minutes.'* 

Bulletin  No,  28,  1890,  pages  218  and  224,  elective  method: 
*'  The  flask  heated  for  fifteen  minutes  at  67°  to  70°  C.  in  a  water 
bath.      The  temperature  should  not  exceed  this  limit.  ^* 

Bulletin  N^o.  24,  1889,  page  197:  *' Contents  are  heated  in  a 
water  bath  for  fifteen  minutes  at  a  temperature  of  65°  to  75°  C." 

The  reader  will  see  what  a  terrible  confusion  as  to  this  point  pre- 
vailed amongst  the  Official  Agricultural  Chemists  on  September 
10,  1889,  the  date  of  their  meeting,  when  he  notes  that  they,  the 
Official  Agricultural  Chemists,  adopted  the  above  directions  in 
spite  of  the  fact  that  up  to  August,  1888,  Landolt,  Tollens, 
Herzfeld,  and  their  pupils  had  already  published  their  elaborate 
researches  concerning  the  influence  of  concentration,  time,  and 
temperature  upon  the  inversion  liquid.  It  had  been  positively 
stated  by  the  above  mentioned  reliable  authorities  that  a  tempera- 
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ture  higher  than  70°  C.  causes  invert  sugar  to  be  decomposed  and 
thus  has  a  fatal  effect  on  the  result,  while  a  small  deviation  from 
the  time  prescribed  does  not  materially  alter  the  final  result. 

The  fact  that  such  erroneous  direction  for  the  execution  of  the 
inversion  could  be  given  in  September,  1889,  is  overwhelming 
proof  of  our  charge  of  lack  of  knowledge  of  the  chemical  litera- 
ture. The  same  charge  applies  to  the  authors  of  the  report  on 
methods  of  sugar  analysis  published  by  the  Louisiana  Sugar 
Chemists*  Association.  The  report  refers  to  experiments  exe- 
cuted in  the  summer  of  1889,  as  stated  by  B.  B.  Ross  in  Bulletin 
No.  24,  page  179,  and  read  before  the  Association  of  Official 
Agricultural  Chemists  in  September,  1889.  The  experiments 
were  superfluous  because  similar  ones  had  been  published  at 
least  one  year  before  that  time.  Moreover,  these  experiments 
were  faultily  executed  and  the  conclusions  arrived  at  were 
necessarily  erroneous.  Nothing  is  said  in  those  notes  about  the 
use  of  a  temperature  of  68°  to  75°  C. ;  on  the  contrary,  we  find 
there  the  repeated  statement  that  the  original  Clerget  method 
was  employed,  as  shown  by  the  following  quotations: 

Bulletin  No.  24,  page  180 :  ( i )  *  *  Fifty  cc.  of  this  solution  were 
next  inverted  in  the  manner  prescribed  by  Clerget."  (2)  **  A 
similar  solution  was  inverted  as  previously  described.** 

Therefore  it  is  evident  that  in  the  experiments  of  the  Louisiana 
Sugar  Chemists'  Association  a  temperature  of  68°  C.  was  em- 
ployed, which  as  shown  before,  was  the  temperature  originally 
used  by  Clerget,  and  Professor  Ross  is  guilty  of  a  misstatement 
by  saying  '^this  process  is  included  in  the  methods  of  analysis 
given  in  the  pamphlet  referred  to  and  proinded  that  the  sample 
after  addition  of  the  acid  should  be  heated  in  a  water-bath  at 
68°  to  75°  C.  for  a  period  of  fifteen  minutes.'* 

However,  Professor  Ross  tries  to  explain  the  low  readings 
obtained  by  stating  now  that  a  temperature  of  68°  to  75°  C.  was 
employed  for  inverting  the  sugar  solutions  and  cites  as  authority 
A.  Wohl  {^Ber.  d.  chem.  Ges.,  1890,  28,  2084).  Professor 
Ross  entirely  overlooks  the  fact  that  this  publication  of  Wohl 
only  incidentally  refers  to  analytical  processes  and  that  it  makes 
no  pretence  of  directly  bearing  upon  our  subject.  The  readings 
obtained   by   Wohl  were   for  solutions  of  high   concentration 
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inverted  by  heating  the  same  to  loo*^  C.  during  one-half  hour  and 
longer  with  minimum  amounts  of  acid.  The  conditions  are  so 
entirely  different  from  those  prevailing  in  the  process  used  for 
analytical  purposes,  that  it  is  really  difficult  to  see  how  anybody 
can  try  to  establish  any  connection  between  the  tvvo  subjects. 
It  seems  that  Professor  Ross  is  not  acquainted  with  the  publica- 
tion of  Wohl*  which  does  bear  upon  our  subject  and  which  refers 
to  an  investigation  into  the  reliability  of  the  inversion  process  for 
analytical  purposes.  Wohl  modifies  the  formula  of  Landolt,  etc., 
according  to  the  amount  of  sugar  used  for  inversion  and  finds 
for  one-quarter  normal  weight  in  lOO  cc.  the  constant  — 41.7  ;  for 
one-eighth  normal  weight  in  100  cc.  the  constant  — 40.4.  Wohl 
tests  the  correctness  of  Clerget's  constant  in  connection  with 
Clerget's  process  of  inversion  and  finds — 43.99  in  opposition  to 
the  — 42.4  found  by  Professor  Ross  and  his  experts.  Wohl 
finds  that  by  dissolving  and  inverting  the  half  French  normal 
weight  in  fifty  cc.  the  constant  is  changed  to  — 44.1,  and  by  dis- 
solving and  inverting  the  German  half  normal  weight  in  fifty 
cc.  the  constant  is  changed  to  — ^44.6.  This  is  in  accordance 
with  Gubbe's  formula  given  for  the  specific  rotary  power  o/itneri 
sugar  solutions,  but  it  stands  in  opposition  to  the  results  obtained 
by  Professor  Ross  and  his  experts.  As  anybody  might  sumiise 
from  Gubbe's  classical  treatiset  the  use  of  the  German  half  nor- 
mal weight  instead  of  the  French  half  normal  weight  would 
require  the  employment  of  a  constant  higher  than  Clerget's 
original  constant,  and  not  a  constant  lower,  as  suggested  by 
Professor  Ross  and  his  experts. 

For  practical  analytical  purposes  Clerget's  method  of  inversion 
is  nearly  exclusively  used  for  second  products  and  molasses.  By 
dissolving  the  German  half  normal  weight  of  such  substances 
in  fifty  to  fifty-five  cc.  the  concentration  of  the  sucrose  liquid  is 
more  or  less  similar  to  the  concentration  for  which  Clerget's 
original  constant  was  determined.  The  error  arising  from  applying 
Clerget's  constant  in  connection  with  the  German  half  normal 
weight  is  thus  almost  eliminated  for  the  purposes  mentioned 
above. 

*  Zcitschrift  des  Vereins  fiir  die  Rucbevzuckerindustrie  dcs  Dciitschen  Rdches. 
38,  S.  763. 

f  Bcr.  d.  chem.  Gcs..  1S85.  p.  2207. 
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2.  The  other  argument  brought  up  by  Professor  Ross  is :  *  *  So 
that  the  substitution  of  a  new  constant  for  the  144  of  Clerget  is 
not  a  new  departure,  especially  where  somewhat  different  condi- 
tions obtain.     At  any  rate  it  is  at  least  certain  that  *  all  the 
chemists  in  the  sugar  industry' *  do  not  use  Clerget's  original 
formula,  as  Mr.  Breyer  would  have  the  readers  of  your  journal 
infer.'*     We  think  that  Professor  Ross'  attempted  protection  of 
the  readers  of  this  journal  from  such  inferences  is  quite  out  of 
place.     No  one  who  notices  that  we  mention  in  our  first  article 
Landolt's  figure  142.4,  Creydt's  142,  and  Herzfeld's  142.66  will 
think  us  unaware  that  different  constants  are  used  for  analytical 
determinations  of  that  kind.     We  do  not  consider  the  substitu- 
tion of  a  new  constant  a  new  departure,  when  the  conditions  of 
the  reaction  are  modified.     But  what  we  do  think  a  new  and 
entirely  unjustifiable  proceeding  is  that  Professor  Ross  and  his 
associates  substitute  a  new  constant  in  a  method  recognized  by 
chemists  of  the  highest  standing  and  leave  the  conditions  of  the 
reaction  unchanged,  thus  insinuating  that  the  original  method 
must  give  false  results.   That  this  was  done  by  Professor  Ross  and 
his  associates  appears  clearly  from  the  literature  quoted,  and  if  Pro- 
fessor Ross  should  entertain  different  views,  we  ask  of  him  to  point 
out  the  literary  facts  which  might  convince  us  to  the  contrary. 

3.  Professor  Ross  says  further:  '*  As  to  the  low  reading  of  the 
normal  sucrose  solution  at  4*^  *  *  *  The  results  were  stated  as 
noted  accurately  by  three  observers  of  experience  in  polariscopic 
work  and  were  merely  mentioned  incidentally  along  with  other 
data  .secured  and  not  with  the  intention  of  advancing  a  new 
theory  or  opinion  with  regard  to  the  polarization  of  sucrose  solutions 
at  low  temperatures."  We  are  sorry  to  see  that  Professor  Ross 
is  not  aware  of  the  importance  of  the  observation  made  by  him- 
self and  three  observers  of  experience  in  polariscopic  work  and 
that  he  mentions  the  low  readings  at  4°  C.  incidentally  only. 
We  beg  to  differ  from  Professor  Ross  also  in  this  point  and  think 
that  these  observations  are  the  most  interesting  made  by  him- 
self and  his  associates  on  account  of  their  being  so  very  opposite 
to  the  results  of  all  the  other  chemists  who  ever  studied  the 
optical  qualities  of  sucrose  solutions.  Professor  Ross  and  the 
three  obser\'ers  of  experience  in  polariscopic  work  would  render 
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the  greatest  service  to  science  by  a  repetition  of  their  experi- 
ments and  by  explaining  the  startling  phenomenon  observed  in 
Louisiana. 

SEPARATION  OF  IRON  OXID  FROM  ALUMINA  IN 

PHOSPHATIC  ROCKS,  BY  FUSION  WITH 

ALKALINE  CARBONATE.* 

By  Charlks  Glasbr. 

In  Zeitschrift  fur  analyiische  Chemie,  81,  4,  I  have  given  a 
method  for  the  determination  of  alumina  in  phosphatic  material 
containing  both  iron  and  alumina.  In  this  pixx^ss  both  metals  are 
precipitated  from  solution  as  phosphates,  and  then  are  separated 
by  fusion  with  sodium  carbonate.  The  investigation  upon  which 
the  process  was  based  justified  the  statement  that  the  quantity  of 
aluminum  phosphate  present  could  be  found  by  deducting  from 
the  weight  of  the  phosphates  of  both  bases  the  ferric  oxid  present, 
together  with  so  much  phosphoric  acid  as  would  be  required  to 
form  with  it  ferric  phosphate,  FePO^. 

In  the  better  grades  of  Florida  phosphates  the  quantity  of  iron 
is  limited,  often  not  more  than  0.25  per  cent,  of  oxid  being 
present,  while  alumina  occurs  in  quantities  of  from  four  to  eight 
per  cent.,  and  sometimes  much  more. 

Aluminum  phosphate,  AlPO^,  may  be  precipitated  with  cer- 
tainty by  the  method  given  in  the  paper  already  referred  to,  but 
it  has  not  heretofore  been  observed  that  ferric  phosphate  seems 
to  suffer  a  partial  decomposition.  Since  that  paper  was  pub- 
lished, I  have  had  occasion  to  examine  a  number  of  phosphatic 
samples  containing  iron  oxid  largely  in  excess  of  alumina,  and 
below  I  submit  the  results  of  a  number  of  analyses  for  comparison : 


No. 

Mixed 
Phosph'tes 
of  Iron  and 
Aluminum 

Kound. 

Oxid  of 
Iron  found. 

Phosphate 
of  Iron  cal- 
culated. 

Phosphate 
of  Alumi- 
num 
found. 

Alumina 
calcu- 
lated. 

Phos- 
phates of 
Iron  and 
Aluminum 
calcu- 
lated. 

DiflPrence. 

I 

6.37 

3.43 

6.47 

0.15 

0.06 

6.62 

0.34 

a 

7.48 

4.43 

8.36 

0.03 

O.OI 

8.39 

0.91 

3 

7.71 

4.03 

7.60 

0.67 

0.38 

8.27 

0.56 

4 

6.80 

3.85 

7.26 

0.73 

0.30 

7-99 

1.19 

5 

6-93 

3-75 

7.03 

1. 15 

0.48 

8.23 

1.30 

6 

7-75 

4.13 

7.79 

0.65 

0.27 

8.44 

0.69 

7 

15.00 

4.52 

8.53 

7.13 

2.99 

15.66 

0.66 

•  The  Pharmaceutical  Review.  October,  189a. 
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The  mixed  phosphates  were  obtained  by  repeated  precipitation 
with  ammonium  acetate,  adding  some  sodium  phosphate  to  insure 
excess  of  phosphoric  acid,  with  the  exception  of  Nos.  4  and  5, 
where  the  sodium  phosphate  was  omitted.  This  accounts  for  the 
larger  discrepancy,  as  in  the  absence  of  an  excess  of  phosphoric 
acid  the  tendency  to  form  basic  salts  is  very  pronounced.  But 
even  when  sodium  phosphate  has  been  employed,  as  the  above 
table  shows,  the  weight  of  the  mixed  phosphate  is  less  (on  the 
average  about  0.61  per  cent.,  leaving  out  the  extremes  Nos.  4 
and  5),  than  called  for  by  the  respective  amounts  of  the  oxids 
estimated. 

In  order  to  verify  the  determination  of  ferric  oxid,  this  was 
determined  in  sample  No.  7  by  two  titrations  with  potassium  per- 
manganate, the  results  being  4.56  and  4.52  per  cent,  respectively. 

I  have  as  yet  not  been  able  to  ascertain  the  conditions  under 
which  the  mixed  phosphates  of  aluminum  and  iron  can  be  pre- 
cipitated exactly  as  of  the  formula  MPO^,  and  I  would,  therefore, 
recommend  for  the  present  that  the  aluminum  be  determined  as 
phosphate,  AlPO^,  held  in  solution  by  sodium  carbonate,  after 
separation  of  ferric  oxid. 

To  facilitate  matters  I  will  repeat  the  method  of  separation  in 
detail.  The  hydrochloric  acid  solution  of  a  phosphorite  is  nearly 
neutralized  with  ammonia,  using  methyl  orange  as  an  indicator; 
ammonium  acetate  is  now  added  until  the  color  changes  com- 
pletely from  red  to  pale  yellow — it  is  advisable  to  use  a  slight 
excess.  Place  the  beaker  containing  the  mixture  in  a  water  bath 
at  a  temperature  of  not  over  yo''  C.  until  complete  separation  of 
the  aluminum  and  iron  phosphates  has  taken  place ;  the  precipi- 
tate is  collected  on  a  filter  and  thoroughly  washed  with  water  of 
not  over  70°  C.  temperature  by  means  of  a  filter  pump.  In  this 
way  precipitation  of  the  lime  salts  is  avoided,  but  as  a  slight 
quantity  is  likely  to  be  retained  mechanically  by  the  phosphates, 
it  is  advisable  to  redissolve  the  precipitate  in  dilute  hydrochloric 
acid,  and  precipitate  again  in  the  manner  above  stated,  first, 
however,  adding  a  little  sodium  phosphate  to  the  solution. 

After  complete  washing  the  mixed  phosphates  are  heated  in  a 
tared  platinum  crucible,  care  being  taken,  however,  that  the 
temperature  does  not  rise  so  high  as  to  cause  fusion  of  the  iron 
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phosphate.  When  incineration  of  the  filter  has  been  com- 
pleted, the  mass  is  weighed  and  then  covered  with  chemically 
pure  sodium  carbonate  or  bicarbonate ;  the  mixture  is  hised  for 
about  ten  minutes  over  a  blast  lamp,  allowed  to  cool  and  the 
crucible  then  placed  in  a  beaker  containing  a  little  water— after 
moistening  the  fusion  the  beaker  is  heated  until  the  water  boils. 
It  will  now  be  found  that  the  cake  can  be  removed  easily  from 
the  crucible  and  transferred  to  the  boiling  water  in  the  beaker 
without  loss ;  the  crucible  should  be  well  rinsed  and  set  aside 
for  further  treatment  in  case  it  shows  traces  of  adhering  ferric 
oxid.  The  contents  of  the  beaker  are  boiled  until  even'thing 
except  the  oxid  of  iron  is  dissolved,  then  filtered  hot  and  the 
residue  carefully  washed  with  boiling  hot  water.  The  ferric  oxid 
on  the  filter  and  any  remaining  in  the  crucible  is  now  dissolved 
in  hydrochloric  acid,  and  re-precipitated  by  ammonia,  filtered, 
washed,  ignited,  and  weighed  in  the  usual  manner;  if  the  pro- 
cess has  been  carefully  conducted  it  will  be  free  from  phosphoric 
acid  and  alumina. 

To  the  filtrate  from  the  fusion  which  contains  everything 
except  the  iron,  hydrochloric  acid  is  added  to  expel  carbon  dioxid 
and  then  ammonium  acetate,  as  described  before,  to  precipitate 
alumina  as  aluminum  phosphate. 

In  spite  of  the  little  extra  labor  necessitated  by  this  method, 
it  is  considerably  shorter  than  any  other  yet  proposed,  yielding 
at  the  same  time  very  accurate  results. 


TENTH  ANNUAL  REPORT  OF  THE  COMMITTEE  ON 
INDEXING  CHEMICAL  LITERATURE.* 
The  Committee  notes  with  satisfaction  a  growing  appreciation 
of  the  Reports  on  Chemical  Bibliography  that  have  been  pre- 
sented to  the  Chemical  Section  of  the  American  Association  for 
the  Advancement  of  Science.  The  Ninth  Annual  Report  was 
widely  circulated,  appearing  not  only  in  the  Proceedings  of  the 
American  Association  for  the  Adi^ancement  of  Science,  but  also  in 
the  Chemical  Ncivs,  the  Journal  of  Analytical  and  Applied 

•From  advance  sheets  of  the  Proceedings  of  the  American  Association  for  the 
Advancement  of  Science.  Vol.  XI.I.  1*^92. 
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Chemistry,  ^^t  Journal  of  the  American  Chemical  Society,  and 
the  Scientific  American. 

The  Committee  congratulates  the  Section  on  the  fact  that  these 
annual  reports  have  in  large  measure  accomplished  one  of  the 
principal  objects  sought,  viz,,  that  of  directing  attention  to  the 
importance  of  compiling  bibliographies,  catalogues,  and  indexes 
to  the  voluminus  literature  of  chemistry.     While  little  system- 
atic work  has  been  undertaken,  duplication  of  labor  has  been 
prevented  and  independent  efforts  have  accomplished  much; 
how  much  appears  in  the   list  of  bibliographies  forming  the 
appendix  to  this  report.     Chemists  are  more  and  more  perceiving 
the  advantages  of  attaching  carefully  prepared  bibliographies  to 
their  monographs.     Recently  this  plan  has  been  pursued  in  the 
important   Bulletins  of   the   Chemical  Division   of  the   United 
States  Department  of  Agriculture.     Thus  a  collection  of  special 
bibliographies  is  gradually  forming,  destined  to  be  of  inestimable 
value  to  the  chemist.     The  committee  expresses  the  hope  that 
this  collection  will  grow  in  the  future  much  faster  than  in  the 
past,  and  suggests  that  members  of  the  Section  of  Chemistry 
seriously  consider  in  what  way  they  can  individually  contribute 
to  the  cause. 

During  the  current  year  the  following  indexes  have  been  pub- 
lished : 

I.  A  Bibliography  of  the  Electrolytic  Assay  of  Copper.  By  Stuart  Croasdale.  In  J. 
Aonal.  Appl.  Chem.,  5, 133  and  184  (Mar.  and  Apr.,  1891). 

3.  An  Index  to  the  Literature  on  the  Estimation  of  Nitrogren  by  Kjeldahl's  Method  and 
its  modifications.  By  Lyman  P.  Kebler.  In  J.  Anal.  Appl.  Chem.,  5,  260  (May,  1891). 
[Contains  numerous  errors,  see  p.  540.] 

3.  An  Index  to  the  Literature  on  the  Estimation  of  Nitrogen  by  all  other  Methods.  By 
Lyman  P.  Kebler.  In  J.  Anal.  Appl.  Chem.,  5,  264  (May.  1891).  [Contains  numerous 
errors,  see  p.  540.] 

4*  Index  to  the  Literature  of  the  Tannins.  By  Professor  Henry  Trimble,  Ph.M.,  of 
Philadelphia.  This  forms  an  appendix  to  "  The  Tannins :  a  Monogfraph  on  their  History, 
Preparation,  Properties,  Methods  of  Estimation,  and  Uses  of  the  Vegetable  Astringents." 
hy  the  author  named.  Philadelphia,  1892.  Vol.  i,  168  pp.,  i3mo.  The  Index  occupies  pp. 
101-165,  and  the  titles  are  arranged  chronologically  with  an  alphabetical  index  of  authors. 
The  whole  is  admirably  printed  and  obviously  exhaustive. 

S-  Index  to  the  Literature  of  Angelic  and  Tiglic  Acids  from  1842-91.  By  Henry  P. 
Talbot,  Ph.D.  Technology  Quarterly,  5«  Nos.  i  and  2  (Massachusetts  Institute  of 
Technology,  Boston).    Contains  an  historical  summary,  and  author  and  subject  indexes. 

6.  Bibliography  of  Analytical  and  Applied  Chemistry  for  the  year  1891.  By  H.  Car- 
rington  Bolton.    J.  Anal.  Appl.  Chem.,  6,  61,  1893. 

We  chronicle   also  the  following  contributions  to  chemical 
bibliography : 
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7.  Professor  Thomas  B.  Stillman,  in  his  papers  on  "Animal,  Marine,  and  Vesrelable 
Oils  used  in  Lubrication,'*  has  paid  especial  attention  to  the  bibliography  of  the  snb)ect. 
grrouping  under  each  division  of  his  essay  many  references  to  periodical  and  other  lit- 
erature.   J.  Anal.  Appl.  Chem.,  5,  April,  June,  and  December,  1891. 

8.  A  list  of  chemical  synons^ms  is  found  in  pages  661-675  of  the  Appendix  to  "  The 
Scientific  American  Cyclopedia  of  Receipts,  Notes,  and  Queries."  Edited  by  Albert  A. 
Hopkins.    New  York,  1893.    8vo.    111. 

9.  Prof.  Samuel  P.  Sadtler's  "Handbook of  Industrial  Organic  Chemistry"  (Philadel- 
phia, 1891,  pp.  xiv-si9.  roy.  8vo.  III.)  contains  bibliographies  at  the  close  of  each  chap- 
ter embracing  the  following  topics : 

1.  Petroleum  and  Mineral  Oil  Industry. 

2.  Industry  of  the  Pats  and  Patty  Oils. 

3.  Industry  of  the  Essential  Oils  and  Resins. 

4.  The  Cane  and  Sugar  Industry. 

5.  The  Industries  of  Starch  and  Its  Alteration  Products. 

6.  Fermentation  Industries  (Malting,  Brewing  Wines.  Spirits,  vinegar.  Flour  snd 

Bread). 

7.  Milk  Industries. 

8.  Vegetable  Textile  Fibers  and  their  Industries. 

9.  Textile  Fibers  of  Animal  Origin. 
10.  Leather.  Glue,  and  Gelatin. 

IT.  Destructive  Distillation  Industries. 

12.  Artificial  Coloring  Matters. 

13.  Natural  Dye  Colors. 

14.  Bleaching,  Dyeing,  and  Textile  Printing. 

The  bibliographies  are  chronologrically-arranged,  one-line  titles. 

Professor  S.  F.  Peckham  reports  substantial  progress  on  his 
Bibliography  of  Bitumen;  Professor  Arthur  M.  Comey  on  his 
Dictionary  of  Solubilities;  and  Dr.  Alfred  Tuckerman  on  his 
Bibliography  of  Mineral  Waters.  Dr.  Arnold  Eiloart,  of  New 
York,  has  completed  the  manuscript  of  an  Index  to  the  Litera- 
ture of  Stereochemistry ;  this  will  appear  as  an  appendix  to  his 
review  of  the  subject  in  the  American  Chemical  Journal.  The 
whole  will  also  be  issued  independently.  Prof.  Chas.  E.  Munro 
announces  Part  II  of  his  Index  to  the  Literature  of  Explosiws, 
to  be  published  shortly.  Dr.  H.  C.  Bolton*s  Select  Bibliography 
of  Chemistry  has  been  accepted  by  the  Smithsonian  Institution 
for  its  Mi^ellaneous  Collections  and  is  in  the  hands  of  printers. 

H.  Carrington  Bolton,  Chairman, 

F.  W.  Clarke, 

Albert  R.  Leeds, 

Alexis  A.  Julien, 

John  W.  Langley, 

Albert  B.  Prescott, 

Alfred  Tuckerman. 
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APPKNDIX  TO  TENTH   ANNUAL   REPORT  OP   COMMITTEE  ON 

INDEXING   CHEMICAL   LITERATURE. 

LIST  OF  INDEXES  TO  CHEMICAL  LITERATURE. 

AbbrexTtations  of  Titles  of  Chemical  Journals.     By  H.  Carrington  Bolton  (and  others). 

J.  Anal.  Chem.,  a,  pt.  i.    Jan.,  1888. 
Amaii^ants  :  Index  to  the  Literature  of.    By  William  L.  Dudley,  in  his  Vice-Presidential 
Address  to  the  American  Association  for  the  Advancement  of  Science,  at 
Toronto.    Proceedins^s  A.  A.  A.  S.  for  1889,  pp.  161-171,  1890.    8vo. 
Amwionia  from  Atmospheric  Nitrogen,  An  Index  of  Researches  upon  the  Production  of. 
By  Ezra  J.  Ware.    Published  in  Proceedings  Michigan  State  Pharma- 
ceutical Association,  18S8.    H.  J.  Brown,  Secretary,  Ann  Arbor,  Mich. 
Analytical  Chemistry^  Bibliography  of,  for  the  year  1886.    By  H.  Carrington  Bolton.    J. 
Anal.  Chem..  x,  pt.  3.    July.  1887. 
The  same  for  1887.    Idem.y  a,  pt.  1.    Jan.,  1888. 
The  same  for  1888.    Idem.,  3,  pt.  4.    Oct.,  1889. 
The  same  for  1889.    Idem.,  4,  pt.  i.    Jan..  1890. 
The  same  for  1890.    Idem.,  5,  No.  3.    March,  1891. 

Analytical  and  Applied  Chemistry,  Bibliography  of,  for  the  year  1891.  By  H.  Carrington 
Bolton.    J.  Anal.  Appl.  Chem.,  6,  61,  1893. 

Angelic  and  Tiglic  Acids,  Index  to  the  Literature  of.  By  Henry  P.  Talbot.  Technology 
Quarterly,  Boston.  5,  Nos.  i  and  a,  189a. 

Beeswax  and  Waxes  used  in  adulterating  Beeswax,  Bibliography  of.  By  Harvey  W. 
Wiley  [Editor].  Poods  and  Pood  Adulterants.  Part  VI.  Bulletin  No.  13. 
Division  of  Chemistry,  U.  S.  Department  of  Agriculture,  Washington,  1892. 
Sx*©,  pp.  886-871. 

Butines  and  their  Halogen  Addition  Products,  Index  to  the  Literature  of  the,  1863-1888. 
By  Arthur  A.  Noyes.  Technology  Quarterly,  Boston,  December,  1888. 
Published  at  the  Massachusetts  Institute  of  Technology. 

Butter.  Bibliography  of.  By  Elwyn  Waller.  In  Second  Annual  Report  of  the  New  York 
State  Dairy  Commissioner,  1886. 

Chemistry,  A  Bibliography  of,  for  the  year  1883.  by  H.  Carringrton  Bolton.    In  "An  Ac- 
count of  the  Progress  of  Chemistry  in  the  Year  1883."  Smith.sonian  Report 
for  1883.    Washingrton,  1884.    8vo. 
The  same  for  1884,  1885,  1886,  in  Smithsonian  Reports  for  said  years. 

Chemistry,  A  Bibliography  of.  for  the  year  1887.  By  H.  Carrington  Bolton.  Washington, 
188S.    Smithsonian  Miscellaneous  Collections,  No.  665.  13  pp.,  8vo. 

Columbium.  Index  to  the  Literature  of.  1801-1887.  By  Prank  W.  Traphagen.  Smith- 
sonian Mi.<;cellaneou8  Collections,  No.  663.  Washington,  1888.  Pp.  iv-37.  8vo. 

Copper,  Electrolytic  Assay,  Bibliography  of.  By  Stuart  Croasdale.  J.  Anal.  Appl.  Chem.. 
5,  133  and  184.    1891. 

Electrolysis.  Index  to  the  Literature  of.  1784-1880.  By  W.  Walter  Webb.  Annals  of  New 
York  Academy  of  Sciences,  a.  No.  10.    1882.    Pp.  44,  8vo. 

N.  B.  This  has  been  translated  into  French  by  DonatoTommasi,  Paris, 
18S9. 

Explosives,  Index  to  the  Literature  of.  Part  i.  By  Charles  E.  Munro.  Baltimore,  18S6. 
Pp.  42.  8vo.    Part  II,  in  press  (1892). 

Food  Adulteratton  and  its  Detection,  Bibliography  of.  By  Jesse  P.  Battershall.  In  "  Food 
Adulteration  and  its  Detection."    New  York,  1887.    8vo. 

Geometrical  Isomerism,  A  Bibliography  of.  Accompanying  an  Address  on  this  subject  to 
the  Chemical  Section  of  the  American  Association  for  the  Advancement 
of  Science,  at  Indianapolis,  August,  1890.  By  Robert  B.*  Warder.  Pro- 
ceedings A.  A.  A.  S.,  Vol.  XXXIX,  Salem,  1890.  8vo. 

Heat,  Dictionary  of  the  action  of  heat  upon  certain  metallic  salts,  including  an  Index  to 
the  principal  literature  upon  the  subject.  Compiled  and  arranged  by 
J.  W.  Baird.    Contributed  by  A.  B.  Prcscott.  New  York,  1884.    Pp.  70.  8vo. 
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History  of  Chemistry^  Outlines  of  a  Bibliography  of  the.    By  H.  Carrington  Bolton.    Ann. 

I*yc.  Nat.  Hist.    Vol.  X,  pp.  352-361    New  York,  1873. 
Honey ^  Bibliography  of.    By  Harvey  W.  Wiley  (Editor).    Food  and  Food  Adnlterants. 

Part  VI.    Bulletin  No.  13.    Division  of  Chemistry,  U.  S.  Department  of 

Agriculture,  Washington,  1892.    Svo.,  pp.  871-874. 
Iridium,  Bibliography  of  the  Metal,  by  Nelson  W.  Perry  in  Prof.  W.  L.  Dudley's  paper 

on  Iridium,  published  in  Mineral  Resources  of  the  United  States,  calendar 

years  18S3  and  1884.    Washington,  i8fl|s.    8vo. 
Light,  Chemical  Influence  of,  A  Bibliography  of.    Alfred  Tuckerman.    Smtthsooian 

Miscellaneous  Collections,  No.  785.  Washington,  1891.    Pp.  2a,  8vo. 
Manganesf,  Index  to  the  Literature  of.    1596-1874.    By  H.  Carrington  Bolton.  Annals  of 

the  Lyceum  of  Natural  History,  New  York.    Vol.  XL  November,  1875. 

Pp.  44,  8vo. 
Milk,  Bibliography  of.    By  Edward  W.  Martin.    In  Second  Annual  Report  of  the  N.  Y. 

State  Dairy  Commissioner.    1886. 
Nitrogen,  Estimation  of,  by  Kjeldahl's  method.    Index  to  the  Literature.    By  Lyman  F. 

Kebler.    J.  Anal.  Appl.  Chem.,  5,  260,  1891. 
Nitrogen,  Fixation  of  Atmospheric.    For  bibliographical  data  see  Historical  Summary 

on  this  subject  by  A.  A.  Breneman  in  J.  Am.  Chem.  Soc.,  XI.  1889. 
Ozone,  Index  to  the  Literature  of.    1875-1879.    By  Albert  R.  Leeds.    Annals  of  the  Xew 

York  Academy  of  Sciences.    Vol.  I,  No.  12,  1880.  pp.  32.  Svo. 
Ozone,  Index  to  the  Literature  of,  1879-1883 ;  accompanied  by  an  Historical.  Criticil 

Resume  of  the  Progress  of  Discovery  since  1879.    By  Albert  R.  Leeds. 

Annals  N.  Y.  Academy  of  Sciences,  Vol.  HI,  p.  137.    1884,  pp.  r6,  Sto. 
Ptriodicah,  A  Catelogue  of  Chemical.     By  II.  Carrington  Bolton.    Annals  N.  Y.  Acad. 

Sci.    Vol.  Ill,  pp.  159^16.    New  York,  1885,  8vo.    Also.  Chem.  News  Print. 

London,  1886,  i2mo. 

Supplement  to  the  same.  Ann.  N.  Y.  Acad.  Sci.,  Vol.  IV,  Feb.  iffi?,  4  pp.,8\'o. 
Periodicals,  Short  Titles  of,  current  in  1887.     By  H.  Carrington  Bolton.    J.  Anal.  Chem.. 

Vol.  I,  part  I,  1887,  4  pp.,  Svo. 
Peroxid  of  Hydrogen,  Index  to  the  Literature  of,    1818-1878.    By  Albert  R.  Leeds.    Annals 

of  the  New  York  Academy  of  Sciences,  Vol.  I,  No.  13.  1880.  pp.  11.  Svo. 
Peroxid  of  Hydrogen,  Index  to  the  Literature  of.    1879-1883.    By  Albert  R.  Leeds.    Annals 

of  New  York  Academy  of  Sciences,  Vol.  Ill,  p.  153,  1884,  pp.  3.  Svo. 
/i'/ro/rMOT,  A  Bibliography  of.    By  Prof.  S.  F.  Peckham.  Report  on  the  Production,  Tech- 
nology, and  Uses  of  Petroleum  and  its  Products.    Report  of  the  Census 

of  the  United  States.    Vol.  X.  1884,  4to,  pp.  281-301. 
Ptomaines,  A  Bibliography  of.    Accompanies  Victor  C.  Vaughan's  Ptomaines  and  Leoco- 

maines.    Philadelphia,  1888.  pp.  296-314,  Svo. 
Speed  of  Chemical  Reactions,  Literature  of.    By  Robert  B.  Warder.    Proc.  A.  A.  A.  S.    Vol. 

XXXII.  1883,  pp.  3.  Svo. 
Specific  Gravity  of  Solids  and  Liquids,  A  Table  of.    The  Constants  of  Nature.  Part  I  (new 

edition,  revised  and  enlarged).    By  Prank  Wigglesworth  Clarke.    Wash- 
ington. 1888.    Smithsonian  Miscellaneous  Collections,  No.  659.  pp.  xL-4B9' 

Svo. 
spectroscope.  Index  to  the  Literature  of.    By  Alfred  Tuckerman.    Smithsonian  Miscel-   , 

laneous  Collections,  No.  658.    Washington,  1888,  pp.  x-423,  Svo. 
Starch-Sugar,  Bibliography  of.    By  Edw.  J.  Hallock.    Appendix  E  to  Report  on  Glilcose 

prepared  by  the  National  Academy  of  Sciences,  in  response  to  a  request 

made  hy  the  Commissioner  of  Internal  Revenue.    U.  S.  Internal  Revenue. 

Washington,  D.  C,  1884.  pp.  44,  Svo. 
Tannins,  Index  to  the  Literature  of.    By  Henry  Trimble.    The  Tannins.    Philadelphia. 

1892.    Vol.  I.  Appendix. 
Tea,  Coffee,  and  Cocoa  Preparations,  Bibliography  of  the  Literature  on.    By  Guilford  L. 

Spencer.     Food  and  Food  Adulterants.    Part  VII,  Appendix  A.    Bnlletin 

No.  13.  Division  of  Chemistry,  U.  S.  Department  of  Agriculture.    Wash- 
ington, 1892,    Svo.  pp.  991-1009. 
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Thermodynamics,  Index  to  the  I«iteratare  of.  By  Alfred  Tuckerman.  Smithsonian  Mis- 
cellaneous Collections,  No.  741.    Washingrton,  1890,  pp.  vi-329,  8vo. 

Titanium,  Index  to  the  Literature  of.  1783-1876.  By  Edw.  J.  Hallock.  Annals  of  the 
New  York  Academy  of  Sciences.    Vol.  I,  Nos.  2  and  3,  1877,  pp.  22,  8vo. 

Uranium.  Index  to  the  Literature  of.  By  H.  Carringrton  Bolton.  Annals  of  the  New 
York  Lyceum  of  Natural  History,  Vol.  IX»  February,  1870.    15  pp.,  8vo. 

Uranium,  an  Index  to  the  Literature  of.  1789-1885.  By  H.  Carrington  Bolton.  Smith- 
sonian Report  for  1885.    Washington,  1885,  pp.  36,  8vo. 

ydnadium.  Index  to  the  Literature  of.  By  G.  Jewett  Rockwell.  Annals  of  the  New  York 
Academy  of  Sciences.  Vol.  I,  No.  5,  1877,  pp.  3a,  8vo. 

INDEX  TO  AUTHORS. 

Baird,  J.  W.,  sfe  Heat. 

BATTERSHAX.L,  J.  P.,  See  Pood  Adulteratiou. 

Bolton.  H.  C,  50f  Abbreviations  of  Titles  of  Journals;  also.  Analytical  Chemistry,  Bib- 
liography of,  1886-90;  Analytical  and  Applied  Chemistry,  1891 ;  Chemistry, 
Bibliography  of,  1883-87,  five  parts ;  History  of  Chemistry ;  Manganese ; 
Periodicals;  Uranium  (two editions). 

Bkbnrman,  a.  a.,  see  Nitrogen.  Fixation  of. 

Clarkb.  F.  W.,.Mtf  Specific  Gravity  of  Solids  and  Liquids. 

Croasdax.b,  S.,  see  Copper,  Electrolytic  Assay  of. 

DUDLBY,  W.l^.see  Amalgams. 

HALIXK3C.  H'  J.,Me  Starch  Sugar ;  aiso.  Titanium. 
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Lebds,  A.  R.,  see  Ozone ;  aisa,  Peroxid  of  Hydrogen. 
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MU3CROB,  C.  E.,  see  Explosives. 
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RocK-VYBLL,  G.  J.,  see  Vanadium. 

Spencer.  G.  L.,  see  Tea,  Coffee,  and  Cocoa. 

Talbot,  H.  P.,  see  Angelic  and  Tiglic  Acids. 

Traphagen,  F.  W..  see  Columbium. 

Trimble,  H.,  see  Tannins. 

Tuckerman.  A.,  see  Light,  Chemical  Influence  of ;  also.  Spectroscope,  Literature  of : 
Thermodynamics. 

Vauoban,  V.C.,see  Ptomaines. 

Waller.  Elwyn,  see  Butter. 

Warder,  K.B.,see  Geometrical  Isomerism;  also.  Speed  of  Chemical  Reactions. 

Ware,  E.  J.,  see  Ammonia  from  Atmospheric  Nitrogen. 

Webb.  W.  W..  ser  Electrolysis. 

Wiley,  H.  W.,  see  Beeswax ;  also.  Honey. 


THE  ANALYSIS  OF  THE  BARIUM  GROUP.* 

By  B.  C.  Hbssb. 

In  a  communication  to  the  St.  Louis  Academy  of  Science,  Dr. 
C.  Liideking  reports  the  results  of  experiments  which  he  has 
performed  to  test  the  accuracy  of  the  present  methods  now  in 

*  Translated  from  the  Pharmaceutiscke  Rundschau,  April.  1892. 
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use  for  the  analysis  of  the  Barium  Group.     His  conclusions  are: 

1 .  The  limit  of  the  gypsum  reaction  for  barium  as  chlorid, 
is  one  part  barium  chlorid  to  one  thousand  parts  water. 

2.  For  the  dichromate  reaction  the  limit  is  one  part  chlorid 
to  3,333  parts  water. 

3.  The  gypsum  reaction  for  barium  is  so  imperfect,  that 
under  certain  conditions,  0.5  per  cent,  of  barium  chlorid  may 
be  overlooked. 

4.  The  dichromate  reaction  is  not  so  much  influenced  by 
calcium  salts. 

5.  The  limit  of  the  gypsum  reaction  for  strontium  as  chlorid 
is  one  part  to  1,666  parts  water. 

6.  Calcium  salts  have  far  more  prejudicial  influence  upon 
the  detection  of  strontium.  Under  certain  conditions  0.9 
cent,  strontium  chlorid  may  be  overlooked. 

7.  A  solution  containing  thirty  per  cent.  SrCl,,  6H,0. 
reacts  like  barium  with  gypsum  solution. 

8.  Strontium  salts  hinder  the  gypsum  reaction  with  barium 
but  have  no  influence  upon  the  dichromate  reaction. 

9.  The  method  which  involves  the  use  of  gypsum  in  distin- 
guishing between  barium  and  strontium  should  not  be  employed. 
To  replace  this  the  following  method  is  recommended :  The 

carbonate  precipitate  is  dissolved  in  acetic  acid,  and  the  barium 
precipitated  with  dichromate.  In  the  filtrate  strontium  and  cal- 
cium are  precipitated  as  carbonates,  redissolved  in  hydrochloric 
acid,  the  calcium  detected  as  oxalate  and  the  strontium  spec- 
troscopically. 

Since  conclusions  i  and  8  were  drawn  from  hydrochloric  acid 
solutions,  it  seemed  desirable  to  study  the  behavior  of  these 
metals  in  acetic  acid  solution.  For  this  purpose  the  following 
experiments  were  performed. 

7.     Delicacy  of  the   Gypsum  and  Dichromate  Reactions  in 

Acetic  Acid  Solutions, — This  was  found  to  be  for  g^'psum  one 

part  barium  acetate  to  13,850  parts  water,  and  for  dichromate 

one  part  acetate  to  27,700  parts  water. 

These  results  compare  with  those  obtained  by  Liideking 


as  follows : 


with  grvpsum 
With  dichromate 


Barium  chlorid. 

I  :  1.538  water 
X  :  5.»2h      " 


Barium  acetate. 
I  :  35.81a  water 
1:51.624     •' 
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2.     Infiuence  of  Calcium  Salts. — 

solution.  Ba  :  Ca  CaS04.  K,Cr,OT. 

I  :  28,683  I  :  673  No  turbidity  in  a  hours. 

1:12,900  1:309      No  turbidity  in  80  minutes.      Strong  turbidity  in  30  seconds. 

I  :    8,600  I  :  273      Slight  turbidity  in   30  min-    Instantaneous  turbidity  and 

utes.  formation  of  sediment  in  the 

cold. 

I  :    5,176  I  :  121       In  11  minutes  a  slightly  tur-    Instantaneous  precipitation. 

bid  liquid  which  gives  no 
precipitate  in  50  minutes. 

The  proportion  between  the  volume  of  the  gypsum  solu- 
tion and  the  solution  to  be  examined  was  i  :  10,  and  even  if 
this  proportion  was  i  :  2,  no  increase  in  delicacy  was  observed 
as  is  the  case  with  strontium. 

J.  Influe7ice  of  Strontium  Salts, — These  salts  do  not  lessen 
the  delicacy  of  the  dichromate  reaction,  but  more  time  must 
elapse  than  when  barium  alone  is  present.  The  gypsum  re- 
action was  always  doubtful.  In  a  test  experiment  in  which  the 
solution  contained  one  part  strontium  acetate  to  twenty-seven 
parts  water,  gypsum  solution  gave  a  precipitate  in  the  cold 
after  three  minutes,  while  the  same  solution  gave  with  dichro- 
mate no  reaction  after  forty-eight  hours  and  after  ninety-six 
hours  a  very  insignificant  turbidity. 

4,  Delicacy  of  the  Gypsum  Reaction  with  Strontium. — In 
these  experiments  it  was  clear  that  the  volume  of  gjrpsum 
solution  used  was  of  importance. 


Gypsum  sol. 

:  strontium  sol. 

Delicacy  of  the  reaction 

I 

10 

I  :  322 

I 

3 

I  :  5.316 

I 

I 

I  :  8.050 

2 

1 

I  :  8.050 

5.  Influence  of  the  Calcium.  Salts  upon  the  Gypsum  Reaction 
for  Strontium. — This  influence  is  very  considerable,  so  that 
under  certain  conditions  one  part  strontium  in  536  parts  of 
water  may  be  overlooked. 

It  is  evident  from  these  experiments  that  the  method  of  Dr. 
Liideking  is  far  more  delicate  than  his  own  results  indicate. 

A  method  for  the  separation  of  small  amounts  of  strontium 
from  large  amounts  of  calcium  is  still  lacking.  The  author 
hopes  soon  to  communicate  the  results  of  experiments  having 
this  in  view. 


THE  SPELLING  OF  CHEMICAL  WORDS. 

By  Edward  Ha.rt. 

Man  is  naturally  a  conservative  animal  and  does  things  in  a 
certain  way  because  he  is  accustomed  so  to  do  them.  This  con- 
servatism usually  increases  with  age  until  it  becomes  almost 
impossible  to  shake  it  off. 

Chemists,  however,  as  a  class,  have  always  been  noted  for 
their  progressive  and  liberal  ideas.  New  methods,  if  good,  are 
sure  of  immediate  acceptance  and  use.  In  very  few  of  the  pro- 
fessions have  the  metric  system  and  the  centigrade  scale  found 
such  universal  acceptance ;  and  although  a  few  of  our  English 
brethren  still  reckon  in  grains  they  are  in  a  small  and  decreasing 
minority. 

It  is  not  surprising  then  that  the  proposed  reform  in  the  spell- 
ing of  some  chemical  words  should  have  found  so  many  willing 
to  change  the  habits  of  a  lifetime  and  adopt  new  methods.  There 
are  still  a  few,  however,  who  apparently  do  not  understand  the 
reasons  for  the  changes  proposed  and  therefore  hesitate  to  adopt 
them.  For  such,  a  few  words  of  explanation  may  not  be  out  of 
place. 

A  list  of  the  more  important  changes  proposed  and  the  reasons 
therefor  are  given  below.  This  list  was  written  at  my  request 
by  Prof.  T.  H.  Norton,  the  Chairman  of  the  Committee.  Prof. 
Norton  writes  as  follows  concerning  it : 

Dear  Prof.  Hart  : 

I  have  just  returned  to  Cincinnati,  and  find  your  favor  of  Augrust  31  a  waitings  me.  I 
cheerfully  comply  with  your  requeat,  and  enclose  the  accompanying:  list  of  the  more 
important  features  of  the  chanj^es  recommended  by  our  committee  with  brief  stRtements 
of  the  reasons.  Please  feel  at  liberty  to  alter,  omit,  or  augment  as  you  deem  desirable. 
I  feel  that  we  made  a  mistake  in  not  appending  to  our  final  report  some  such  brief 
resume  of  reasons.  As  it  stands,  it  has  somewhat  of  a  bald,  arbitrary  look.  As  yo^ 
have  already  found  by  experience  and  I  have  likewise  observed,  especially  last  mooth 
at  Rochester,  but  a  small  number  of  chemists  have  been  able  to  follow  closely  the  line 
of  our  work. 

A  LIST  OF  THE  MORK   IMPORTANT  CHANGES  IN  THE  SPELLING 

AND  PRONUNCIATION  OF  CHEMICAL  TERMS,  RECOMMENDED 

BY  THE   A.    A.    A.    S.,    WITH   THE   REASONS  THEREFOR. 

ELEMENTS. 

Aluminum  is  spelled  in  the  shortened  form  in  deference  to  the 
wishes  of  technical  chemists  on  account  of  the  growing  importance 
of  the  metal  in  manufactures. 
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Cesium  loses  the  a  of  the  diphthong,  as  unnecessary,  while  the 
new  form  is  in  harmony  with  the  French  and  Italian  orthography. 

Colutnbium  replaces  Niobium  as  a  matter  of  historical  justice. 
It  seems  important  that  the  one  element  discovered  and  named  by 
an  American  chemist  should  retain  its  original  patriotic  appel- 
lation. 

Glucinumr  is  preferred  to  Beryllium  on  the  same  ground  of 
historical  priority. 

Sulfur  is  modified  in  accordance  with  the  general  phonetic 
simplification  going  on  in  our  language.  The  new  form  brings 
us  into  accord  with  the  French,  German,  and  Italian  usage. 
The  replacement  of  ph  by  f  is  carried  out  in  all  the  derivatives. 
(It  has  not  been  deemed  advisable  to  yield  at  present  to  the  wish 
of  many  that  a  similar  change  should  be  made  in  the  spelling 
of  phosphorus,  as  the  German  and  French  languages  still  retain 
the  ph.) 

The  termination  -ic. — This  is  used  for  metals  only  when  there 
is  a  contrast  with  -OUS9  thereby  avoiding  several  non-euphonious 
terms,  and  bringing  us  into  accord  with  the  British  custom. 
Thus  avoid  aluminic,,  zincic,  strontic,  etc. 

The  termination  -ol. — This  is  used  exclusively  for  alcohols, 
and  all  alcohols  receive  the  termination.  This  also  is  in  harmony 
with  British  usage  and  brings  about  a  most  desirable  simplifica- 
tion and  uniformity.     Thus,  glycerol,  quinol,  etc. 

Terminations  in  -id. — The  final  6  is  dropped  fiDm  all  chemical 
terms  formerly  ending  in  -ide,  and  the  pronunciation  is  always 

-W.    Of  the  three  pronunciations  of  this  termination fde,  -We, 

and  -ide — in  varying  degrees  of  use  amongst  us,  the  second 
appeared  undoubtedly  the  most  preferable  for  the  following 
reasons :  -!de  is  an  uncommon,  almost  unnatural  pronunciation 
of  the  vowel  in  our  language,  although  it  would  bring  us  into 
unison  with  European  usage  and  simplify  phonetic  values  for  the 

Fate,  fat,  far,  mete,  mSt,  pine,  pin,  marine,  note,  n5t,  move, 
tube,  tfib,  riile,  my,  y  =  i. 

'  Primary  accent;  "  secondary  accent.  N.  B. — The  accent 
follows  the  vowel  of  the  syllable  upon  which  the  stress  falls,  but 
does  not  indicate  the  division  of  the  word  into   syllables. 
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ears  of  foreigners ;  -ide  leads  frequently  to  confusion  with  -ite 
(sulfide  and  sulfite)  and  is  the  value  of  i  farthest  removed  from 
European  usage ;  -Kd  approximates  closely  to  the  continental  i, 
— into  which  it  is  easily  lengthened, — is  readily  recognized  by 
the  foreign  ear,  is  not  confused  with  the  termination  -ite,  is  in 
line  with  present  phonetic  progress,  and  has  the  backing  of 
authority  and  usage.  The  short  sound  of  i  naturally  dictates  the 
dropping  of  the  final  6.  (According  to  Smart  and  Cull,  chemical 
terms  ending  in  -ide,  as  bromide,  chloride,  etc.,  should  be  pro- 
nounced with  i  long;  but  all  other  orthoepists  are  unanimous 
in  making  the  vowel  short ;  and  the  propriety  of  the  latter  mode 
of  pronunciation  is  established  by  the  fact  that  this  whole  class 
of  words  is  not  unfrequently  spelt  without  the  finale;  thus 
bromid,  chlorid.  Webster's  Dictionary,  edition  of  1864  and  1884, 
Principles  of  Pronunciation,  p.  xliv.) 

Terminations  in  -in. — In  the  names  of  chemical  compounds, 
including  all  those  formerly  ending  in  -ine  (except  the  small 
group  of  doubly  unsaturated  hydrocarbons,  as  propine),  this 
termination  is  always  pronounced  -In  and  is  never  followed  by 
an  e.  In  this  case  much  the  same  reasons  as  those  given  in  the 
preceding  paragraph  dictate  the  uniform  use  of  -Kn,  and  not  only 
authority,  but  modem  usage,  is  even  more  fixed  in  the  employ- 
ment of  the  short  i,  so  much  so  that  the  change  practically 
amounts  to  simply  dropping  the  final  -e  when  following  -in. 
The  only  objection  to  be  raised  against  the  innovation  is  that 
based  upon  the  recommendation  of  Watts  some  few  years  since, 
that  basic  substances  should  terminate  in  -ine  and  neutral  sub- 
stances {viz,,  glycerids,  glucosids,  proteids,  and  bitter  prin- 
ciples) in  -in.  While  this  distinction  possesses  a  certain  value, 
it  is  to  be  noted  that  it  involves  a  difference  in  spelling  with 
little  or  no  difference  in  pronunciation — a  useless  and  undesirable 
complication,  and  out  of  touch  with  modem  phonetic  principles; 
it  demands  a  very  extensive  knowledge  of  the  constitution  of  a 
large  number  of  compounds  with  these  terminations;  it  has 
never  been  recognized  by  many  chemists;  and  finally  while 
it  has  been  partially  adopted  by  others  it  has  rarely  been  used 
consistently. 

Terminations  in  -meter. — Words  in  this  class  used  in  the 
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metric  system  are  regarded  as  compound  words,  and  each  portion 
retains  its  own  accent ;  as  mil'lime"ter.  Of  the  two  authorized 
forms  of  accentuation,  it  was  deemed  better  to  retain  this  and 
exclude  completely  the  other  {viz,,  the  uniform  laying  of  the 
accent  on  the  antepenult),  because  the  former  is  of  help  to 
foreig'ners  using  our  language  and  vice  versa ,  while  the  practice 
accords  with  the  general  rule  for  the  retention  of  the  primitive 
accents  in  compound  words. 

Derivatives  of  Valence, — The  Latin  prefixes  are  used  invariably 
to  the  exclusion  of  the  Greek,  in  accord  with  the  recognized 
principles  of  word-building  in  our  language. 

ArsiTiy  Siibin,  Phosphin,  Hydrogen  Sulfid. — These  shorter  terms, 
long  since  adopted  by  many  chemists,  now  supersede  completely 
the  cumbersome  arsenetted  hydrogen,  etc.  (It  is  to  be  hoped 
that  the  simplication  may  soon  be  carried  a  step  further  by  the 
introduction  of  sulfin,  selenin,  and  tellurin.) 

Gramme. — The  retention  of  the  -me  of  the  French  spelling 
may  seem  to  ill  accord  with  principles  of  phonetic  reform  actua- 
ting many  of  the  above  changes.  It  is,  however,  dictated  by 
reasons  of  prudence,  as  long  as  the  metric  system  is  used  side 
by  side  with  the  old  apothecaries*  series  of  weights  and  measures 
by  our  physicians  and  pharmacists.  When  the  transition  period 
is  over,  and  the  latter  sy.stem  is  effectually  displaced,  the  simpler 
form  will  unquestionably  be  adopted.  It  is  obvious  to  all  that 
the  marked  similarity  in  sound  and  spelling  between  the  words 
graifi  and  gram  could  easily  lead  to  mistakes  of  the  gravest 
nature,  and  as  a  matter  of  fact  a  number  of  deaths  have  already 
been  caused  by  either  mere  inadvertence  or  by  the  omission  of 
the  dot  over  the  i  ingrain.     {Amer,  Druggist,  20»  369.) 

These  proposed  changes  were  carefully  canvassed  with  those 
gentlemen  who  have  made  the  English  language  their  life  study 
and  who  were  unanimously  in  favor  of  them.  They  were  made 
the  subject  of  a  number  of  reports  to  the  American  Association 
for  the  Advancement  of  Science  and  were  favored  by  a  large 
majority  of  those  present.  In  drawing  up  the  report  the  com- 
mittee sought  and  obtained  the  opinions  of  a  number  of  chemists 
not  members  of  the  Association  and  so  far  as  it  was  possible  to 
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obtain  an  expression  of  opinion  the  recommendations  voice  the 
wish  of  American  chemists. 

The  report  of  the  committee  was  not  intended  to  settle  the 
matter  forever.  It  seems  proper  however  that  it  should  be  used 
as  a  first  step  in  the  right  direction.  We  have  long  ago  dropped 
the  «  in /avor,  honor,  mold,  etc.,  the  redundant  »«^  in /rrjf raw, 
changed  litre,  centre,  etc,  to  liter,  and  center  ^nA  in  other  ways 
improved  and  strengthened  our  language.  Let  us  not  hesitate 
to  make  other  changes  when  'the  time  comes. 

That  these  changes  will  please  George  W.  Smalley,  who 
objects  to  Websterian  spelling,  or  Charles  A.  Dana,  who  sees  no 
manner  of  reason  in  spelling  reform  is  hardly  to  be  expected. 
In  the  July  number  of  Harpers  Magazine,  Brander  Matthews  has. 
however,  shown  in  a  most  convincing  manner  the  weakness  of 
such  objections.  The  article  should  be  read  in  full.  For  those 
who  cannot  do  this  the  following  extracts  will  be  of  interest : 

* '  The  most  of  those  who  write  with  ease  in  British  journals, 
deploring  the  prevalence  of  *  American  Spelling'  have  never 
carried  their  education  so  far  as  to  acquire  that  foundation  of 
wisdom  which  prevents  a  man  from  expressing  an  opinion  on 
subjects  as  to  which  he  is  ignorant.  *  *  Now  literature  is  one  of 
the  arts  and  philology  is  a  science.  Though  men  of  letters  have 
to  use  words  as  the  tools  of  their  trade,  orthography  is  none  the 
less  a  branch  of  philology,  and  philology  does  not  come  by  nature. 

**As  I  have  said  before,  the  alleged  'American  spelling' differs 
but  very  slightly  from  that  which  prevails  in  England.  A  wan- 
dering New-Yorker  who  rambles  through  London  is  able  to  col- 
lect now  and  again  evidences  of  orthographic  survivals  which 
give  him  a  sudden  sense  of  being  in  an  older  country  than  his 
own.  I  have  seen  a  man  whose  home  was  near  Gramercy  Park 
stop  short  in  the  middle  of  a  little  street  in  Mayiair,  and  point 
with  ecstatic  delight  to  the  strip  of  paper  across  the  glass  door 
of  a  bar  proclaiming  that  CYDER  was  sold  within.  I  have  seen 
the  same  man  thrill  with  pure  joy  before  the  shop  of  a  chymist 
in  the  window  of  which  com-plaisters  were  offered  for  sale.  And 
this  same  New-Yorker  was  carried  back  across  the  years  when 
he  noted  the  extra  g  in  the  British  waggon — an  orthographic 
fifth  wheel,  if  ever  there  was  one;  he   smiled  at   the  k  which 
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lingers  at  the  end  of  the  British  almanack;  he  wondered  why  a 
Britisli  house  should  have  storeys  when  an  American  house  has 
stories/  and  he  disliked  intensely  the  wanton  e  wherewith  British 
printers  have  recently  disfigured  ^rw,  which  in  the  latest  London 
typographical  vocabularies  appears  ^lS  forme.  This  e  in  form  is 
a  gratuitous  addition,  and  therefore  contrary  to  the  trend  of 
spelling  reform,  which  aims  at  the  suppression  of  all  arbitrary 
and  needless  letters.  Most  of  the  American  modifications  of  the 
Johnsonian  orthography  have  been  labor-saving  devices,  like  the 
dropping  of  u  in  color  and  of  one  /  in  traveler,  in  an  effort  at  sim- 
plification, and  in  accord  with  the  irresistible  tendency  of 
mankind  to  cut  across  lots.** 

That  the  changes  proposed  by  the  committee  have  met  with 
favor  is  evident  from  their  use  in  the  new  Standard  Dictionary, 
now  in  preparation  edited  by  Dr.  F.  A.  March  and  published  by 
Funk  and  Wagnalls  of  New  York  City.  Dr.  Witthaus  has 
adopted  them  in  his  Manual  of  Chemistry,  Dr.  G.  C.  Caldwell, 
President  of  the  American  Chemical  Society,  in  his  Elements  of 
Chemical  Analysis,  reviewed  in  this  issue,  as  also  the  late  Dr.  T. 
Sterry  Hunt,  in  his  Systematic  Mineralogy, 

The  changes  proposed  will  also  be  used  in  this  journal  with  a 
single  exception.  On  reflection  the  reason  given  for  spelling 
gramme  does  not  seem  sufficient.  The  spelling  gram  is  already 
in  nearly  universal  use.  If  physicians  are  afraid  to  spell  \\.gram 
they  should  add  the  -me  until  the  use  of  the  grain  shall  have 
been  discontinued.  In  the  meantime,  chemists  may  continue  to 
spell  it  gram  to  their  great  advantage. 

This  is,  however,  a  free  country,  and  no  law  is  likely  to  be 
enacted  forcing  chemists  to  spell  d  la  committie.  Neither  will 
the  editor  of  this  journal  undertake  to  dictate  to  chemists  in  the 
matter  of  spelling.  Contributors  who  wish  to  spell  in  the  old 
way  should,  however,  so  state  on  the  manuscript  in  order  that 
no  misunderstandings  may  arise. 


NEW  BOOKS. 

Caldwell's  Chemical  Analysis.*— This  book  was  written,  as 

*  Elements  of  Qualitative  and  Quantitative  Chemical  Analysis.  By  G.  C.  Caldwell. 
Professor  of  Analytical  Chemistry  in  Cornell  University.  Second  edition,  revised  and 
enlargred.     Philadelphia  :  P.  Blakiston,  Son,  and  Company.    Pp.  viii-175. 
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the  author  states  in  the  Introduction,  for  beginners  in  anab'sis 
who  do  not  wish  to  qualify  themselves  as  chemises  and  who  do 
not  feel  able  to  buy  the  larger  works.  The  needs  of  the  students 
in  Cornell  University  are  of  course  first  in  the  writer's  thoughts. 

Part  I  opens  with  a  chapter  on  Solution  and  Solids  from  Solu- 
tion. Then  follow  chapters  on  Acids,  Bases,  Salts ;  Oxidation, 
Chlorination,  Reduction  ;  Metathesis ;  Writing  Equations ;  The 
Manipulations  of  Analytical  Chemistry. 

Part  II  contains  chapters  on  The  Mode  of  Procedure  in 
General ;  The  Preparation  of  the  Solution  of  the  Substance ;  The 
Acidigens  or  Acids ;  The  Analysis  for  the  Acidigens ;  Basigens 
or  Metals. 

Part  III  contains  chapters  on  The  Balance  and  its  Use ;  Meas- 
urement in  Volumetric  Analysis ;  Seven  Important  Operations  of 
Quantitative  Work  (solution,  precipitation,  filtration,  filtration 
by  suction,  w^ashing  precipitates,  the  asbestos  filter,  preparation 
of  the  precipitate  for  weighing,  calculation  of  the  results  of  the 
analysis)  ;  Miscellaneous  Matters  (comprising  methods  for  the 
determination  of  specific  gravity,  use  of  platinum  ware,  the 
quantitative  note  book,  miscellaneous  maxims). 

Part  IV  comprises  The  Determination  of  Iron  and  of  Sulfur 
Trioxid ;  Acidimetry  and  Alkalimetry ;  The  Determination  of 
Lead,  Phosphorus  Pentoxid,  and  Calcium,  lodometry.  Determi- 
nation of  Antimony  ;  Analysis  by  Electrolysis — Separation  and 
Determination  of  Silver  and  Copper. 

Part  V  contains  lists  of  apparatus  and  reagents,  specific  gravity 
and  other  tables,  and  an  index. 

Altogether  the  book  is  the  best  of  its  kind  that  we  have  seen. 
Throughout  the  book  the  spelling  of  words  recommended  by 
the  committee  of  the  American  As.sociation  for  the  Advancement 
of  Science  has  been  used. 


ERRATA. 
The  attention  of  the  Editor  has  been  called  to  numerous  errors 
in  the  Bibliographies  of  Nitrogen  contained  in  L.  F.  Kebler's 
paper  in  the  number  of  this  journal  for  May,  1891  (5,  257)- 
Those  who  make  use  of  these  bibliographies  should  therefore 
verify  the  references  and  not  take  them  at  second  hand. 
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METHODS  OF  SOIL  ANALYSIS. 

By  David  O'Brinb. 

There  are  three  methods  of  soil  analysis  in  common  use :  ( i ) 
The  method  described  in  Chemical  Bulletin  No.  lo,  United  States 
Department  of  Agriculture,  by  Edgar  Richards,  **  Principles  and 
Methods  of  Soil  Analysis'*;  (2)  The  method  described  in 
Chemical  Bulletin  No.  31,  pp.  233  to  241;  (3)  The  method 
worked  out  by  Drs.  Robert  Peter  and  E.  W.  Hilgard  for  the 
soils  of  the  Southern  and  Pacific  States  for  the  tenth  United 
States  Census.  It  is  natural  to  expect  quite  an  agreement  in 
most  things,  yet  there  are  many  little  details  that  differ  widely. 
Having  occasion  to  use  the  method  of  Drs.  Peter  and  Hilgard 
and  thinking  it  might  be  of  interest  to  the  readers  of  this  journal 
I  give  below  the  following  working  details : 

The  soil  is  thoroughly  broken  up  with  a  rubber  pestle  and 
sifted  through  a  sieve  of  one-half  millimeter  meshes  to  obtain 
the  fine  earth  for  analysis.  This  fine  earth  is  exposed  to  an 
atmosphere  saturated  with  moisture  for  about  twelve  hours  at 
the  ordinary  temperature  (60**  F.)  of  the  cellar  in  which  the  box 
should  be  kept.  For  this  it  is  placed  in  a  layer  of  two  milli- 
meters thick  upon  glazed  paper  on  a  table  in  a  small  covered  box 
(12X9X8  inches)  in  which  there  is  about  an  inch  of  water;  the 
interior,  sides,  and  cover  of  the  box  may  be  lined  with  blotting 
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paper  which  is  kept  saturated  with  water  to  facilitate  the  satura- 
tion of  the  air.  After  twelve  hours  the  earth  is  transferred  as 
"  Q  (  0     quickly  as  possible  to  a 

I         weighed    drying   tube 

— IJ  and  weighed;  it  is  then 

heated  in  a  paraffin  bath 


J  L 

1 r 


and  the  temperature  gradually  raised  to  200°  C,  and  is  kept 
there  twenty  to  thirty  minutes  (rapidity  of  raising  temperature 
depending  on  amount  of  moisture  in  the  soil) ,  a  current  of  dr>' 
air  passing  continually  through  the  tube.  It  is  then  weighed 
again  and  the  loss  in  weight  gives  the  hygroscopic  moisture. 

From  the  drying  tube  two  quantities  are  weighed  out, — ^two  to 
two  and  one-half  grams  for  general  analysis  and  three  to  three 
and  one-half  grams  for  phosphoric  acid  determination. 

GENERAL   ANALYSIS. 

I .  The  weighed  quantity  of  two  to  two  and  one-half  grams  is 
brought  into  a  small  porcelain  beaker,  treated  with  eight  to  ten 
times  its  bulk  of  hydrochloric  acid,  specific  gravity  1.115,  and 
two  or  three  drops  of  nitric  acid,  and  digested  for  five  days  over 
the  water  bath.  At  the  end  of  this  time  it  is  evaporated  to  dry- 
ness, first  on  the  water  bath  and  then  over  the  sand  bath.  By 
this  treatment  all  the  silica  is  rendered  insoluble.*  It  is  now 
moistened  with  strong  hydrochloric  acid  and  two  or  three  drops 
of  nitric  acid,  warmed  and  treated  with  distilled  water,  after 
allowing  it  to  stand  a  few  hours  on  the  water  bath ;  then  it  is 
filtered  from  the  insoluble  residue  which  is  strongly  ignited  and 
weighed,  t 

*Herc  I  vary  from  the  method.  I  had  Brail  Greiner  make  a  copper  water  bath  with 
perforated  bottom.  The  bath  is  ten  inches  hi(fh,  nine  inches  long,  six  inches  wide.  This 
holds  six  tubes  with  ground  glass  stoppers  so  they  can  be  wired  down.  The  tubes  are 
one  and  one-half  inches  in  diameter  and  six  inches  long.  The  water  bath  has  about 
fifteen  feet  of  a  block  tin  (one-half  inch)  pipe  to  condense  the  steam,  so  that  when  once 
filled  with  distilled  water  it  will  last  for  six  months,  if  run  night  and  day.  without  re- 
filling. The  soil  is  digested  in  the  bottles  for  forty-eight  hours.  It  is  desirable  to  charge 
the  bottles  or  tubes  with  the  soil  and  acids  and  put  them  in  place  and  gmduaily  heat 
them  to  the  boiling  point,  when  but  little  breakage  Mritl  occur.  Later  I  hope  to  be  able 
to  give  some  comparison  of  soils  digested  by  this  method  and  the  method  of  Drs  Peter 
and  Hilgard.    This  method  has  the  advantage  of  time  in  its  favor. 

t  Note  I.  If  the  filtrate  should  be  turbid  the  insoluble  residue  which  has  goae 
through  the  filter  can  be  obtained  during  the  iron  and  alumina  determination. 
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The  insoluble  residue  is  next  boiled  for  fifteen  to  twenty  minutes 
in  a  concentrated  solution  of  carbonate  of  soda  whereby  the 
soluble  silica  is  separated  from  the  sand  and  insoluble  matter, 
which  is  again  brought  upon  the  filter  and  ignited  and  weighed. 

2.  The  filtrate  from  the  insoluble  residue  is  evaporated  to  a 
convenient  bulk.  In  case  the  filtrate  should  indicate  by  its  color, 
etc.,  the  presence  of  any  considerable  amount  of  organic  matter 
it  should  be  oxidized  by  aqua  regia,  otherwise  there  will  be 
difl&culty  in  separating  alumina. 

3.  The  filtrate  thus  prepared  is  now  brought  to  boiling  and 
treated  with  ammonia,  whereby  the  iron  and  alumina  are  pre- 
cipitated ;  it  is  kept  boiling  until  the  excess  of  ammonia  is 
driven  off,  and  then  filtered  (Filtrate  A). 

4.  The  precipitate  of  iron  and  alumina  is  well  washed  with 
boiling  water,  then  removed  from  the  filter  to  a  platinum  dish. 
The  small  quantity  which  unavoidably  remains  on  the  filter 
is  dissolved  with  boiling  hydrochloric  acid;  the  filter  is  then 
added  to  the  alumina  or  may  ser\'^e  for  filtering  the  alumina 
subsequently. 

5.  The  precipitate  in  the  platinum  dish  is  dissolved  in  hydro- 
chloric acid,  treated  over  the  water  bath  with  alcoholic  pota^ 
and  allowed  to  digest  for  at  least  one  hour.  By  this  means  the 
alumina  is  brought  into  solution  while  the  iron  is  precipitated. 
The  iron  is  brought  on  a  filter  and  washed  with  boiling  water 
(Filtrate  B).  The  iron  precipitated  is  dissolved  on  the  filter  by 
hydrochloric  acid,  the  filter  being  added  to  the  insoluble  residue 
(See  Note  i),  and  precipitated  from  the  boiling  solution  by 
ammonia;  it  is  then  filtered  off,  washed,  dried,  ignited,  and 
weighed. 

Filtrate  B  containing  alumina  dissolved  in  potassium  hydroxid 
is  acidulated  with  hydrochloric  acid  and  a  few  crystals  of  potas- 
sium chlorate  are  added  to  destroy  any  organic  matter  from  the 
filters,  etc.;  with  this  it  is  digested  for  an  hour,  then  neutralized 
with  ammonia  and  the  alumina  precipitated  by  ammonium  sul- 
fid;  it  is  allowed  to  settle  for  a  few  hours,  then  filtered  off, 
washed  out  with  cold  water  to  which  a  few  drops  of  ammonium 
sulfid  have  been  added,  dried,  ignited,  and  weighed.  Or  this 
ipethod  may  be  used :  The  iron  and  alumina  precipitate  (with 
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filter)  is  dissolved  in  a  mixture  of  about  five  cc.  hydrochloric 
acid  and  twenty  cc.  water.  Then  filter  (see  Note  i)  and  make 
up  to  150  cc.  Take  fifty  cc.  for  the  determination  of  iron  and 
alumina  together  and  fifty  cc.  for  iron  alone ;  keep  fifty  cc.  for 
reserve.  Determine  the  iron  by  means  of  a  standard  solution  of 
potassium  permanganate,  after  reducing,  which  is  done  by 
evaporating  the  fifty  cc.  almost  to  dryness  with  strong  sulfuric 
acid,  water  added,  and  the  solution  transferred  to  a  flask  and 
reduced  by  means  of  pure  metallic  zinc  in  the  usual  way.  The 
alumina  is  thus  determined  by  difference. 

6.  The  Filtrate  A  free  from  iron  and  alumina,  if  too  bulky,  is 
evaporated  down  to  about  twenty-five  cc.  unless  the  soil  is  a  cal- 
careous one,  and  the  lime  is  precipitated  from  it  by  neutralizing 
with  ammonia  and  adding  ammonium  oxalate.  The  solution 
containing  the  lime  should  be  treated  boiling  with  the  ammonia, 
as  the  precipitate  settles  much  more  easily  in  this  case.  It  is 
allowed  to  stand  for  twelve  hours,  then  filtered  off,  washed  with 
cold  water,  and  dried  (Filtrate  C). 

By  ignition  the  precipitate  is  partially  converted  into  the  oxid. 
This  is  then  heated  with  twice  its  bulk  of  powdered  ammonium 
carbonate,  moistened  with  hot  water,  and  exposed  to  a  gentle 
heat  (50°  to  80°  C.)  until  all  the  ammonia  is  expelled.  It  is  then 
dried  below  a  red  heat  and  determined  as  calcium  carbonate. 

When  the  amount  of  lime  is  at  all  considerable,  the  treatment 
with  ammonium  carbonate  must  be  repeated  till  a  constant  weight 
is  obtained. 

7.  The  Filtrate  C  from  the  lime  is  brought  into  a  flask, 
evaporated  down  over  a  sand  bath  and  the  ammoniacal  salts 
destroyed  with  aqua  regia  (Lawrence  Smith's  method).  From 
the  flask  it  is  removed  to  a  small  beaker  and  evaporated  to  dry- 
ness. This  process  usually  occupies  four  to  five  hours.  The 
dry  residue  is  now  moistened  with  nitric  acid  and  the  silica 
present  is  separated  by  filtration  from  the  filtrate,  which  should 
not  amount  to  more  than  ten  to  fifteen  cc.  Sulfuric  acid  is  pre- 
cipitated by  treatment  with  a  very  few  drops  of  barium  nitrate: 
both  the  solution  and  the  reagent  being  heated  to  boiling.  If 
the  quantity  of  sulfuric  acid  is  large  it  may  be  filtered  off  after 
the  lapse  of  four  or  five  hours  (Filtrate  D).     If  ver>'  small,  let  it 
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Stand  twelve  hours.  The  precipitate  is  washed  out  with  boiling 
water,  dried,  ignited,  and  weighed  as  such.* 

Filtrate  D  is  now  evaporated  to  dryness  in  a  platinum  dish, 
the  residue  is  treated  with  twice  its  bulk  of  crystallized  pure 
oxalic  acid,  moistened  with  water,  and  exposed  to  gentle  heat. 
It  is  then  strongly  ignited  to  change  the  oxalates  to  carbonates. 
This  treatment  with  oxalic  acid  must  be  made  in  a  vessel  which 
can  be  kept  well  covered;  otherwise,  there  is  danger  of  loss 
through  spattering.  The  ignited  mass  is  treated  with  a  small 
amount  of  water,  which  dissolves  the  alkaline  carbonates  and 
leaves  the  carbonate  of  magnesia  and  proto-sesquioxid  of  man- 
ganese behind,  and  also  the  excess  of  barium  carbonate.  The 
alkalis,  and  magnesia,  barium,  and  manganese  are  separated  by 
filtration  into  a  small  platinum  dish  (Filtrate  E),  and  the  resi- 
due well  washed  with  water.  If  the  color  is  green,  add  a  small 
amount  of  alcohol  to  oxidize  the  manganese  which  will  then 
remain  on  the  filter  and  the  alkalis  in  the  filtrate. 

The  residue  of  magnesia,  barium,  and  manganese  is  now 
treated  on  the  filter  with  hydrochloric  acid  and  the  platinum 
dish  is  washed  with  nitric  acid  (not  hydrochloric  acid,  otherwise 
the  platinum  dish  will  be  dissolved  by  chlorin  from  the  man- 
ganese) ,  dissolving  any  small  traces  of  magnesium,  barium,  and 
manganese  that  may  have  been  left  behind. 

9.  The  solution  containing  the  chlorids  of  magnesium  and 
manganese  is  now  freed  from  the  barium  salts  by  precipitation 
with  sulfuric  acid,  and  the  barium  sulfate,  after  settling  a  few 
hours,  is  filtered  off.  The  filtrate  is  neutralized  with  ammonia, 
the  resulting  small  precipitate  of  iron  is  filtered  off  and  the  man- 
ganese precipitated  with  ammonium  sulfid.  Allow  to  stand 
twelve  hours  and  filter  (Filtrate  F)  ;  wash  with  cold  water,  dry, 
ignite,  and  weigh  as  manganic  oxid. 

10.  The  Filtrate  F  from  the  manganese  is  now  freed  from  the 
sulfur  of  the  reagent  by  acidulating  with  hydrochloric  acid, 
evaporating  down  if  necessary,  and  filtering.  From  the  solution 
thus  free  from  sulfur  the  magnesia  is  precipitated  by  adding  an 
equal  amount  of  ammonia  and  treating  with  phosphate  of  soda. 

*  Note  2. — Care  must  be  taken  in  addine  the  barium  nitrate  because  in  such  a  small 
concentrated  acid  solution  the  excess  of  barium  nitrate  will  crystallize  and  does  not 
readily  dissolve  in  hot  water. 
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After  standing  twelve  hours  the  magnesia  may  be  filtered  off, 
washed  out  with  ammoniacal  water,  dried,  ignited,  and  weighed 
as  magnesium  pyrophosphate. 

1 1 .  The  Filtrate  E  (which  should  not  be  more  than  ten  or 
fifteen  cc.),  containing  the  carbonates  of  the  alkalis,  is  evapora- 
ted to  dryness  and  gently  fused  so  as  to  render  insoluble  any 
magnesium  carbonate  that  may  have  gone  through;  then  re- 
dissolved  and  filtered  into  a  small  weighed  platinum  dish  con- 
taining a  few  drops  of  hydrochloric  acid  to  change  the  carbonates 
into  chlorids,  evaporated  to  dryness,  exposed  to  a  temperature 
below  red  heat  by  which  the  chlorids  are  thoroughly  dried  and 
freed  from  moisture  but  not  volatilized.  These  are  now  weighed 
and  the  heating  repeated  until  a  constant  weight  is  obtained. 
The  weighed  chlorids  are  now  brought  by  means  of  a  little  water 
to  a  small  porcelain  dish,  treated  wdth  a  sufficient  quantity  of 
platinic  chlorid  and  evaporated  to  dryness  over  the  water  bath. 
The  dried  residue  is  now  treated  with  a  mixture  of  three  parts 
of  alcohol  and  one  part  of  ether,  which  dissolves  the  sodium  salt 
but  leaves  the  potassium  platino-chlorid  undissolved.  This  is 
now  brought  on  a  filter,  washed  with  ether  and  alcohol,  and 
when  dried  the  precipitate  and  filter  are  brought  into  a  small 
platinum  crucible  and  exposed  to  a  heat  sufficiently  intense  to 
reduce  the  platinum  chlorid  to  metallic  platinum  and  to  volatilize 
the  potassa.  The  reduced  platinum  is  now  first  washed  with 
acidulated  water,  then  with  pure  water,  then  all  moisture  is 
driven  off  and  it  is  weighed.  From  the  weight  of  the  platinum 
may  be  calculated  the  potassium  chlorid,  and  then  the  oxid  cor- 
responding ;  the  difference  between  the  weights  of  the  alkaline 
chlorids  and  the  potassium  chlorid  gives  the  sodium  chlorid  from 
which  may  be  calculated  the  oxid. 

PHOSPHORIC   ACID    DETERMINATION. 

12.  The  weighed  quantity  of  three  to  five  grams  is  brought 
into  a  platinum  crucible  and  ignited,  care  being  taken  to  avoid 
all  loss  by  dusting.  The  loss  of  weight  after  ignition  gives  the 
amount  of  chemically  combined  water  and  volatile  matter. 

13.  The  ignited  soil  is  now  removed  to  a  porcelain  beaker, 
treated   with  four  to  five  times  its  bulk  of  strong  nitric  acid. 
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digested  for  five  days,  evaporated  to  dryness,  first  over  the  water 
bath  and  then  over  the  sand  bath,  moistened  with  nitric  acid  and 
treated  with  water.  After  standing  a  few  hours  on  the  water 
bath  it  is  filtered  off  from  the  insoluble  residue  and  the  filtrate 
is  evaporated  to  a  very  small  bulk  (twenty  cc.)  and  treated  with 
about  twice  its  bulk  of  ammonium  molybdate,  thus  precipitating 
the  phosphoric  acid.  After  standing  twelve  hours  it  is  filtered 
off  and  washed  with  ammonium  nitrate.  The  washed  precipi- 
tate is  now  dissolved  on  the  filter  with  dilute  ammonia.  After 
washing  the  filter  carefully  the  ammoniacal  solution  is  treated 
with  magnesia  mixture  by  which  the  phosphoric  acid  is  precipi- 
tated. After  allowing  it  to  stand  twelve  hours,  it  is  filtered  o^, 
washed  in  the  usual  way,  dried,  ignited,  and  weighed  as  mag- 
nesium pyrophosphate  from  which  the  phosphoric  acid  may  be 
calculated.  The  percent,  of  phosphoric  acid  is  to  be  subtracted 
from  that  of  alumina. 

HUMUS    DETERMINATION    IN    SOILS. 

About  ten  grams  of  the  soil  is  weighed  off  into  a  prepared 
filter.  The  soil  should  be  covered  with  a  piece  of  filter  paper  so 
as  to  prevent  it  from  packing  when  solvents  are  added.  It  is 
now  treated  with  hydrochloric  acid  from  0.5  per  cent,  to  one  per 
cent,  strong  to  dissolve  out  the  lime  which  prevents  the  humus 
from  dissolving  in  ammonia.  Treat  with  the  acid  until  there  is 
no  reaction  for  lime;  then  wash  out  all  the  acid  with  water. 
Dissolve  the  humus  with  ammonia,  prepared  by  diluting  common 
saturated  ammonia  (178  cc.  ammonia  to  422  water).  Evaporate 
the  humus  solution  to  dr>'ness  in  a  weighed  platinum  dish  at 
100^  C. ;  cool  and  weigh,  then  ignite  ;  the  loss  of  weight  gives 
the  weight  of  humus.  The  residue  from  ignition  is  carbonated 
with  carbonic  acid  from  the  carbonic  acid  generator,  heated  and 
weighed,  thus  giving  the  ash.  It  is  then  moistened  with  nitric 
acid  and  evaporated  to  dryness.  The  residue  is  treated  with 
nitric  acid  and  water,  allowed  to  stand  a  few  hours  and  the  solu- 
tion filtered  from  the  insoluble  residue,  which  is  ignited  and 
weighed,  giving  the  silica.  The  soluble  phosphoric  acid  is 
determined  from  the  solution  by  the  usual  method.  Considerable 
information  can  be  found  in  the  "  Scientific  Examination  of 
Soils,"    by   Wahnschaffe.     The  practical  question,   *' Does  the 
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chemical  analysis  of  a  soil  convey,  to  an  average  farmer,  any 
tangible  information  ? '  *  has  advocates  on  both  sides.  It  is  not  my 
purpose  to  discuss  the  question  at  the  present  time. 
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From  the  remotest  antiquity  Marseilles  has  been  the  emporium, 
not  only  of  the  oils  of  the  province,  but  also  of  those  produced  by 
Italy,  Spain,  the  African  coast,  Greece,  and  Turkey. 

The  olive  tree  is  cultivated  in  the  following  departments  of 
France:  Alpes-Mari times,  Var,  Bouches-du-Rh&ne,  Gard,  H6- 
rault,  Aude,  Pyr6n6es-Orientales,  Vaucluse,  Basses- Alpes,  Drome, 
and  Ard^che.  A  district  of  152,256  hectares  is  taken  up  ^nth 
its  cultivation.  The  total  production  is  estimated  at  39,912,000 
liters,  representing  a  value  of  61 ,065,000  francs.  Of  this  quantity 
part  is  consumed  within  the  district  producing  the  oil,  the  rest 
being  sent  into  the  interior  of  France  or  exported  to  neighboring 
countries  and  the  colonies. 

The  import  trade  in  oleaginous  seeds  is  very  considerable,  the 
total  quantity  of  the  different  kinds  imported  during  the  year 
1890  being  nearly  3,500,000  metric  quintals.  The  exact  figures 
of  the  different  kinds  of  seeds  imported  during  that  year  are  shown 
in  the  following  table,  which  is  taken  from  the  official  statistics 
published  by  the  chamber  of  commerce  at  Marseilles. 

Importation  of  oleaginous  seeds  at  Marseilles  duringr  the  year  1S90, 

Met.  quintals. 

Sesame,  from  the  Levant 118,420 

"     India  and  Africa 653.850 

Peanuts,  in  the  husk 208.640 

shelled 1,030.600 

Lin.seed 99.830 

Cotton  seed 31 1.710 

Cocoanuts  and  palm  nuts 706.790 

Cultivated  and  wild  rape-seed  oil 142.640 

Other  sorts 310,930 

Total 3.483.510 

«  «  «  «  • 

In  considering  the  state  and  movement  of  the  oil  trade  at  Ma^ 
seilles  account  must  also  be  taken  of  the  importation  of  seed, 
palm,  and  especially  of  cotton  oils.     The  first  two  kinds  are 

*  AbT-Mfrrd  from  the  report  of  Co:i.sul  Trail,  of  Marseilles,  in  Consular  Reports  for 

July    I'^iu. 
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received  from  the  west  coast  of  Africa  and  from  England,  and 
the  latter  from  England  and  from  the  United  States,  the  quantity 
imported  during  1890  being  20,000,000  kilograms. 

The  most  important  importation  of  seeds,  etc.,  consists  of 
peanuts,  by  far  the  larger  quantity  of  which  arrive  shelled,  only 
about  one-fifth  of  the  total  amount  imported  having  the  shells  on. 
This  product  comes,  for  the  most  part,  from  India  and  Africa. 
Afterwards,  in  order  of  importance,  as  shown  by  the  quantity 
imported,  come  cocoanuts  and  palm  nuts,  sesame  from  India  and 
Africa,  cotton  seed,  shelled  peanuts,  cultivated  and  wild  rape 
seed,  sesame  from  the  Levant,  and  finally  linseed. 

The  official  records  of  this  city  show  that  during  1890  there 
has  been  an  increase  of  importation  as  compared  with  1889  of 
sesame  from  the  Levant,  shelled  and  whole  peanuts,  linseed, 
cultivated  and  wild  rape  seed,  cotton  seed,  poppies,  palm  nuts, 
and  a  few  other  kinds,  principally  Niger,  while  a  falling  off  has 
been  shown  in  the  case  of  sesame  from  India  and  Africa,  castor 
beans,  pulgheria,  cocoanuts,  mowrahs,  and  a  few  other  kinds. 
The  difference  between  the  increase  and  diminution  in  the  im- 
portation of  these  various  kinds  shows  a  net  increase  of  232,550 
quintals  during  1890,  as  appears  in  tables  herewith,  while  the 
amount  of  seed  in  warehouses  at  Marseilles  at  the  end  of  1890 
exceeded  the  quantity  so  stored  at  the  end  of  1889  by  43,450 
quintals.  ♦  ♦  ♦  *  ♦ 

The  method  followed  in  extracting  the  oil  from  the  various 
seeds  imported  at  Marseilles,  the  cost  of  importation,  the  uses  to 
which  the  oils  are  put,  and  the  use  made  of  the  residuum  are  as 
follows : 

SESAME. 

Levant  sesame, — This  is  subjected  to  three  pressings,  the  seed 
being  cold  in  the  first  two,  but  heated  for  the  third,  in  order  to 
allow  of  more  oil  being  extracted.  Before  being  pressed  at  all 
the  seed  is  thoroughly  triturated,  to  allow  the  oil  to  come  away 
more  readily  under  pressure.  In  the  first  pressing  from  thirty 
to  thirty-two  per  cent,  of  oil  is  obtained,  and  this  oil  is  sold  at  from 
ninety  to  ninety-six  francs  per  100  kilograms  for  table  consump- 
tion. The  seed  is  now  thoroughly  triturated  again,  a  little  water 
— about  one  or  two  per  cent. — being  added,  and,  being  again  put 
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underpressure,  yields  from  nine  to  ten  per  cent,  of  oil  of  a  quality 
slightly  inferior  to  the  first,  but  which  is  still  quite  good  enough 
for  eating  purposes.  The  price  of  this  oil  varies  from  seventy  to 
seventy-three  francs  per  lOo  kilogram^.  After  being  removed 
from  the  press  the  seed  is  once  more  thoroughly  triturated,  and 
from  two  to  four  per  cent,  of  water  is  added  to  it,  after  which  it 
is  heated  to  a  temperature  of  from  70°  to  80°  C.  The  oil  that 
now  comes  away  is  of  very  inferior  quality  to  that  obtained  by 
the  first  two  pressings,  and  in  quantity  is  from  ten  to  eleven  per 
cent,  of  the  weight  of  seed  originally  put  into  the  press.  This 
oil  is  sold  at  from  forty  nine  to  fifty-one  francs  per  100  kilograms, 
and  is  used  in  the  manufacture  of  soap.  The  residuum  is  made 
into  oil  cakes,  which  are  used  for  feeding  cattle,  and  are  sold  at 
from  twelve  to  thirteen  francs  per  100  kilograms.  The  cost  of 
transporting  this  seed  to  Marseilles  is  from  ten  to  fifteen  francs 
per  ton  of  1,000  kilograms. 

Indian  and  African  sesame. — This  seed,  like  the  sesame  from 
the  Levant,  is  subjected  to  three  pressings,  in  the  first  two  of 
which  the  seed  is  cold  and  in  the  third  heated.  The  oil  yielded  in 
the  first  pressing  is  not  so  great  as  in  the  former  quality  of  seed, 
the  amount  being  from  twenty-seven  to  twenty-eight  per  cent,  of 
the  weight  of  seed  pressed ;  and  it  is  greatly  inferior  in  quality, 
being  sold  at  from  sixty-two  to  seventy-five  francs  per  100  kilo- 
grams. It  is  used,  according  to  quality,  either  for  table  purposes 
or  for  lamp  oil.  After  being  triturated  again,  and  having  from 
one  to  two  per  cent,  of  water  added,  the  seed  is  again  pressed,  and 
yields  from  nine  ten  per  cent,  of  oil  of  a  quality  slightly  inferior  to 
the  first,  and  which,  like  it,  is  destined  either  for  eating  purposes 
or  for  lamp  consumption.  This  oil  is  sold  at  prices  ranging 
from  sixty  to  sixty-two  francs  per  100  kilograms.  The  seed,  after 
being  mixed  wdth  two  to  four  per  cent,  of  its  weight  of  water  and 
heated  to  yo^or  80°  C,  is  subjected  to  the  third  and  last  pressure, 
from  which  eight  or  nine  per  cent  of  oil  is  obtained,  which  is  sold 
at  from  forty-nine  to  fifty-one  francs  per  100  kilograms,  and  is 
used  in  the  manufacture  of  soap.  The  residuum  is  made  into 
oil  cakes  (*'tourteaux'*),  which  are  used  for  feeding  cattle  and 
also  as  fertilizer.  These  oil  cakes  are  not  quite  so  good  in  quality 
as  those  formed  from  the  residuum  of  the  sesame  from  the  Levant. 
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They  are  sold  at  from  eleven  to  twelve  francs  .per  100  kilograms. 
The  cost  of  transporting  this  seed  to  Marseilles  from  the  countries 
of  its  origin  is  from  thirty  to  thirty-five  francs  per  ton  of  i  ,000 
kilograms. 

SHELLED    PEANUTS. 

These  nuts  are  subjected  to  two  pressings,  the  seed  being  first 
triturated  and  then  heated  to  between  70"*  and  80°  C.  It  is  to  be 
noted  that  the  treatment  of  this  product  differs  from  that  to  which 
the  sesame  is  subjected,  in  that  peanuts  are  not  pressed  cold  at 
all,  but  have  to  be  heated  even  for  the  first  pressing. 

The  yield  of  oil  arising  from  the  first  pressing  is  about  fifty  per 
cent,  of  the  seed  crushed.  It  is  used  in  the  manufacture  of  soap, 
and  also  for  lubricating  purposes,  and  is  sold  at  the  rate  of  fifty 
francs  per  100  kilograms. 

POPPY    SEED. 

Poppy  seed  is  pressed  twice  cold  and  then  heated  and  pressed 
once  more.  The  seed  is  first  thoroughly  triturated,  and  yields 
in  the  first  pressing  twenty-two  per  cent,  of  its  weight  in  oil. 
This  oil  is  worth  seventy-two  francs  per  100  kilograms,  and  is 
used  for  table  purposes  and  also  to  a  very  considerable  extent  in 
the  manufacture  of  fine  paints.  After  being  crushed  a  second 
time  and  having  one  or  two  per  cent,  of  water  added,  the  seed  is 
pressed  again,  when  ten  per  cent,  more  oil  is  obtained,  which  is 
used,  like  the  first,  for  table  purposes  and  for  making  oil  paints, 
and  also  for  burning.  This  oil  sells  at  sixty  francs  per  100  kilo- 
grams. The  seed  being  crushed  again,  mixed  with  about  three 
per  cent,  of  its  weight  of  water  and  heated  to  a  temperature  of 
from  70®  to  80**  C,  yields  in  the  third  pressing  seven  per  c^nt. 
of  its  weight  in  oil,  which  is  used  almost  exclusively  in  the  man- 
ufacture of  soap,  and  is  sold  at  fifty  francs  per  100  kilograms. 

The  residuum  is  made  into  oil  cake  and  is  sold  at  11  to  11.50 
francs  per  100  kilograms.  This  oil  cake  is  used  for  fertilizing 
purposes.  The  cost  of  shipping  this  seed  to  Marseilles  is  from 
thirty  to  thirty-five  francs  per  ton  of  1,000  kilograms. 

LINSEED. 

Linseed  is  subjected  to  two  pressings,  in  the  first  of  which  the 
seed  is  cold  and  in  the  second  heated.     The  yield  of  oil  in  the 
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first  pressing  is  twenty-two  per  cent,  of  the  weight  of  the  seed, 
and  the  oil  obtained  is  used  for  table  purposes,  being  sold  at  from 
sixty-two  to  sixty-three  francs  per  loo  kilograms.  After  being 
triturated  a  second  time — ^it  having  been  triturated  as  usual  before 
the  first  pressing — the  seed  receives  the  usual  addition  of  about 
tqro  per  cent,  of  its  weight  of  water,  and  is  heated  to  a  tempera- 
ture of  from  70**  to  So**  C,  and  is  afterwards  again  placed  in  the 
press,  when  it  yields  ten  per  cent,  of  its  weight  in  oil  of  an 
inferior  quality,  which  is  chiefly  used  in  the  manufacture  of  soap. 
The  residuum  is  made  into  oil  cakes,  which  are  of  superior  qual- 
ity to  those  produced  in  the  pressing  of  any  other  kind  of  seed. 
They  are  used  for  feeding  cattle,  and  are  sold  at  from  sixteen  to 
seventeen  francs  per  100  kilograms.  The  cost  of  transporting 
linseed  to  Marseilles  is  from  thirty  to  thirty-five  francs  per  ton  of 
1,000  kilograms. 

CULTIVATED   RAPE  SEED. 

This  seed  is  pressed  twice,  once  cold  and  once  heated.  It  is 
in  the  first  place  thoroughly  triturated.  The  first  pressing  a£Fords 
twenty-two  per  cent,  of  oil,  which  is  sold  at  the  rate  of  sixty-five 
francs  per  too  kilograms,  for  lamp  oil.  After  being  mixed  with 
from  two  to  four  per  cent,  of  water  and  heated  to  70®  or  80°  C, 
twelve  or  thirteen  per  cent,  of  oil  of  an  inferior  quality  isextracted, 
which  is  used  in  the  manufacture  of  soap,  and  is  sold  at  fifty 
francs  per  100  kilograms. 

Oil  cake  is  made  from  the  residuum,  and  is  sold  for  feeding 
cattle  at  ten  francs  per  100  kilograms.  The  cost  of  importing 
rape  seed  at  Marseilles  from  the  countries  where  it  is  grown  is 
from  thirty  to  thirty-five  francs  per  ton  of  i  ,000  kilograms. 

*  WILD   RAPE   SEED. 

Wild  rape  seed  is  triturated  and  heated  before  being  put  under 
the  press.  The  first  pressing  results  in  a  yield  of  about  fourteen 
per  cent,  of  oil,  which  is  sold  for  mixing  purposes  at  the  rate  of 
fift>'-three  to  fifty-four  francs  per  100  kilograms.  The  second 
pressing,  after  the  usual  trituration,  addition  of  two  to  four  per 
cent,  of  water,  and  reheating  to  70**  or  80°  C,  gives  forth  eight 
percent,  of  oil  in  addition,  which,  being  of  slightly  inferior  qual- 
ity to  the  oil  first  obtained,  is  sold  at  fifty  francs  per  100  kilograms, 
and  is  used  for  making  soap. 
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As  in  the  case  of  most  of  the  other  oils  mentioned  in  this  report, 
the  residuum  goes  to  make  oil  cake,  which  is  used  as  a  fertilizer. 

This  seed  does  not  cost  so  much  for  transportation  as  those 
hitherto  mentioned  (sesame  from  the  Levant  excepted).  It  is 
shipped  toMarseilles  at  a  cost  varying  between  twenty  and  twenty- 
five  francs  per  ton  of  1,000  kilograms. 

CASTOR   BEANS. 

Castor  beans  are  subjected  to  two  pressings,  after  being  first 
thoroughly  triturated.  In  the  first  pressing  the  seed  is  cold,  and 
the  yield  obtained  is  about  thirty  per  cent,  of  the  weight  of  the 
seed.  This  oil,  which  is  used  extensively  for  medicinal  purposes, 
is  sold  at  an  average  price  of  sixty-five  francs  per  100  kilograms. 
The  seed,  being  triturated,  watered,  and  heated,  as  described 
above,  yields  in  the  second  pressing  from  eight  to  ten  per  cent, 
of  an  oil  inferior  to  that  first  obtained,  and  is  sold  at  fifty-eight 
francs  per  100  kilograms.  This  oil  is  generally  used  for  lubri- 
cating machinery. 

The  residuum  is  formed  into  oil  cakes,  which  are  used  for 
fertilizing  purposes,  and  are  sold  at  from  9  to  9.50  francs  per  100 
kilograms. 

The  cost  of  transportation  to  Marseilles  is  from  thirty  to  thirty- 
five  francs  per  ton  of  i  ,000  kilograms. 

EGYPTIAN    COTTON   SEED. 

This  seed  is  thoroughly  triturated  and  then  pressed  twice.  In 
the  first  pressing  it  is  cold,  and  it  yields  from  ten  to  twelve  per 
cent,  of  its  weight  in  oil.  This  oil  is  destined  for  table  purposes, 
and  especially  for  mixing  with  olive  oil,  as  it  is  perfectly  taste- 
less ;  and  for  this  reason  many  people  also  avail  themselves  of  it 
for  frying.  It  is  sold  at  from  eighty  to  ninety  francs  per  100 
kilograms. 

The  oil — from  eight  to  ten  per  cent,  of  the  seed  in  quantity — 
obtained  in  the  second  pressing,  after  the  usual  regrinding, 
watering,  and  heating,  is  of  ver>'^  inferior  qualtity,  and  does  not 
bring  a  higher  price  than  about  fifty  francs  per  100  kilograms. 
It  is  out  of  the  question  to  use  this  oil  for  eating  purposes  (nor 
can  any  of  the  '*  hutles  d  fabrique,''  or  oils  obtained  after  the 
seed  has  been  heated,  be  used  for  this  purpose) ,  and  it  is  accord- 
ingly utilized  for  the  manufacture  of  soap. 
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The  residuum  is  made  into  oil  cakes,  which  are  sold  at  ten 
francs  per  lOO  kilograms,  for  feeding  cattle  and  for  fertilizing 
purposes. 

The  charges  for  the  importation  of  Egyptian  cotton  seed  into 
Marseilles  are  very  low,  not  being  above  ten  to  eleven  francs  per 
ton  of  i,ooo  kilograms. 

NIGER. 

Niger  is  first  triturated  and  then  pressed  cold.  The  yield  is 
about  eighteen  per  cent,  of  the  weight  of  the  seed,  and  the  oil 
so  obtained  is  sold  at  an  average  price  of  about  sixty-five  francs 
per  lOO  kilograms,  for  mixing  purposes. 

After  being  reground,  watered,  and  heated  asl)efore  described, 
a  further  3aeld  of  fourteen  per  cent,  is  obtained,  the  oil  which 
comes  away  being  used  for  soap  making,  for  which  purpose  it  is 
sold  at  fifty  francs  per  lOO  kilograms. 

The  residuum,  as  in  the  case  of  the  other  seeds,  is  made  into 
oil  cakes,  which  are  sold  as  fertilizers  for  about  nine  and  a  half 
francs  per  lOO  kilograms. 

PULGHERIA. 

After  trituration  it  is  heated  before  being  pressed.  The  first 
pressing  results  in  a  yield  of  twenty  per  cent,  of  oil,  which  is 
used  in  the  manufacture  of  soap.  After  being  triturated  again, 
and  then  watered  and  heated  as  usual,  ten  to  twelve  per  cent, 
more  oil  is  obtained,  which  is  nearly  as  good  as  the  first,  and  is 
destined  for  the  same  use.  The  cost  of  the  oil  of  the  first 
pressing  is  fifty-three  francs  and  that  of  the  second  from  fifty-two 
to  fifty-three  francs  per  loo  kilograms. 

It  will  be  noticed  that  when  seed  is  not  pressed  cold  at  all,  but 
is  heated  for  both  the  first  and  second  pressings,  the  values  of  the 
oils  resulting  from  both  these  are  nearly  the  same. 

The  residuum  is  made  into  oil  cakes,  which  are  used  as 
fertilizer. 

COCOANUTS. 

Cocoanuts  are  pressed  twice,  being  heated  and  triturated  for 
each  pressing.  The  total  yield  of  oil  is  from  sixty- two  to  sixty- 
four  per  cent.,  and  it  is  sold  for  soap  making  at  a  cost  of  from 
forty-five  to  forty-eight  francs  per  lOO  kilograms. 
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The  residuum  is  made  into  oil  cakes,  which  are  sold  as  food 
for  cattle  at  a  cost  of  eleven  to  thirteen  francs  per  lOO  kilograms. 

PALM   NUTS. 

Palm  nuts  are  pressed  twice,  being  triturated  and  heated  for 
each  pressing.  The  total  yield  is  from  thirty-eight  to  forty-two 
per  cent,  of  the  weight  of  nuts  pressed,  and  the  oil  is  sold  at  fifty 
francs  per  loo  kilograms,  and  is  used  solely  in  the  manufacture 
of  soaps. 

The  residuum  is  made  into  oil  cakes  of  an  inferior  quality, 
which  are  used  as  food  for  pigs. 

MOWRAH. 

This  seed  is  treated  with  two  pressings,  and  has  to  be  triturated 
and  heated  each  time  before  being  pressed.  The  total  quantity 
of  oil  obtained  is  from  thirty-seven  to  forty-one  per  cent,  of  the 
weight  of  seed  pressed,  and  is  sold  at  the  rate  of  fifty-five  to 
sixty  francs  per  loo  kilograms,  for  the  manufacture  of  stearin. 

The  residuum  is  made  into  oil  cakes,  which  are  of  a  poor 
quality,  and  are  sold  at  three  to  four  francs  per  lOO  kilograms, 
for  manure. 

OIL   FACTORY   STATISTICS. 

In  order  to  giv^  some  idea  of  the  importance  of  the  oil  industry 
here,  and  the  position  it  occupies  relative  to  the  other  chief 
industries  of  the  town,  the  following  table  is  submitted.  It  is 
taken  from  a  report  on  the  commerce  of  Marseilles,  and  shows 
the  ten  most  important  industries,  as  indicated  by  the  number 
of  hands  employed.  Where  possible,  the  figures  of  the  exporta- 
tion of  the  respective  goods  have  been  annexed. 


Industry. 


Oil  mills 

Tile  factories  . . . 

Brasieries 

Sugar  refineries 

Soap  works 

Tobacco  factory 

Tatmerics 

Cooperages 

Ironworks 

y^our  mills 


Exports. 


36,950.000  kilograms. 
81,107.000  pieces. 


75.000,000  kilograms. 
T05.000.000         " 


5S6.000  quintals. 


No.  of 
factories. 


45 

99 

31 

3 
90 

I 

25 
106 

3 

96 


Hands 

em- 
ployed. 


3.000 
2.500 
2.000 
1,800 

1.500 
1.500 

1.350 
1.340 

903 
Soo 
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PROCESS  OF   MANUFACTURE. 

In  the  system  of  presses  at  present  in  use  in  Marseilles  the 
following  is  the  process  of  manufacture  for  oil : 

The  seeds  are  first  put  in  a  mill,  where  they  are  thoroughly 
triturated  by  means  of  two  upright  stones  or  rollers,  the  object 
of  this  process  being  to  allow  the  oil  to  be  more  readily  expressed. 
The  seed  so  crushed  is  then  divided  into  several  flexible  sacks 
or  baskets  made  of  esparto  grass  and  horsehair,  and  called  in 
French  **scourtins,*'  and  these  are  placed  one  under  another, 
with  plates  of  iron  between  them,  in  the  press.  When  pressure 
is  applied,  the  oil  forces  its  way  through  the  baskets  and  flows 
down  their- exterior  surface  into  a  receptacle  placed  below  the 
press  for  the  purpose  of  receiving  it.  Often  before  the  pressing 
is  terminated  the  action  of  the  press  has  to  be  stopped,  owing  to 
some  of  the  scourtins  being  pressed  more  on  one  side  than  on 
the  other,  so  that  they  have  to  be  readjusted  before  the  operation 
can  be  continued.  Care,  moreover,  has  to  be  taken  not  to  exceed 
a  pressure  of  about  250  kilograms  per  square  centimeter,  equal 
(roughly)  to  3if  cwts.  per  square  inch,  as  the  scourtins  will 
burst  if  strained  to  a  higher  extent.  A  drawing  of  the  system 
described  above  is  herewith  submitted  (Fig.  i). 

estrayer's  cylinder. 

I  have  alluded  at  some  length  to  the  system  of  pressing 
actually  in -use  for  the  purpose  of  comparing  it  with  a  new  sys- 
tem of  oil  press  invented  in  Marseilles,  for  which  a  United  States 
patent  has  been  applied  for  (Fig.  2). 

This  invention  consists  of  a  cylinder  for  olive-oil  presses, 
presenting  the  double  advantage  of  (i)  doing  away  with  the 
**  scourtins,"  or  horsehair  sacks,  which  are  replaced  by  screens 
of  the  same  substance,  by  means  of  which  the  inventor  daims 
that  an  economy  of  as  much  as  eighty  or  ninety  per  cent,  maybe 
realized ;  (2)  a  yield  of  oil  highly  superior  to  that  obtained  by 
all  systems  of  presses  employed  up  to  now. 

The  cylinder  above  mentioned  is  fixed  to  a  cast-iron  frame, 
supported  on  flanged  wheels,  by  means  of  which  it  can  be  run 
upon  a  truck  (shown  in  Fig.  2),  and  this  truck  runs  on  a  track 
before  the  presses.     By  this  means  the  cylinder  can  be  run  upon 
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Pig.  I.— Ordinary  system  of  press  in  use  at  Marseilles. 
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the  truck,  the  truck  moved  till  it  is  opposite  any  one  of  the 
presses,  and  the  cylinder  run  off  under  the  press  for  the  purpose 
of  pressing. 

In  cross  section  the  cylinder  is  octagonal  on  the  inside  and 
circular  on  the  outside  (Figs.  4  and  6),  and  iscompo.sed  of  eight 


Fi((.  a.— Kstrayer'*  «yatem  of  cylfpdir  tor  oil  preMcB. 

separate  segments  of  steel,  which  meet  with  beveled  edges  (1,1, 
3.  4.  5.  6,  7,  and  8,  in  Fig.  4) ,  and  on  their  outer  circular  surface 
present  a  series  of  inclined  planes  (rf,  rf",  </",  in  Fig.  5)  in  such  a 
manner  that  when  the  pressure  of  the  grains  is  terminated  an 
exterior  steel  case  (B'  B".  in  Fig.  5},  which,  on  its  interior  or 
concave  side,  is  cut  in  surfaces  to  correspond  with  the  inclined 
planes  on  the  exterior  of  the  segments,  must  be  raised  vertically 


EJevaiion. 


Piff.  3.— A.  Kstrayer's  oil  press;  elevation. 
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by  means  of  the  cogwheel  turned  by  the  handle  D'  (Fig.  4),  the 
handle  acting  on  the  cogwheel  by  means  of  an  endless  screw,  as 


Fig.  4.— A.  Kstraycr's  oil  press;  cross-section  from  above. 

shown  in  Figs.  6  and  8.     This  cogwheel  takes  into  the  four 
pinions  (r',  Fig.  8)  which  cause  the  four  rods  R  to  ascend  or 
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descend,  these  rods  having  a  screw  turned  on  their  extremity, 
which  is  acted  on  by  a  female  screw  on  the  interior  of  the  pinions. 
These  four  rods  are  bolted  to  the  exterior  of  the  case  (Fig.  7) 


Pig.  6.— A.  Rstrayer's  press ;  cross-section  from  below. 

and  raise  it  with  them  till  its  top  is  level  with  that  of  the  cylinder, 
/.  e. ,  the  outer  case  will  be  raised  fifteen  millimeters,  or  about 
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three  fourths  of  an  inch,  and  it  will  then  be  in  the  position 
indicated  by  the  dotted  lines  in  Fig.  5.  When  the  outer  case  is 
in  this  position  the  eight  segments  comprising  the  cylinder,  being 
no  longer  in  contact  with  the  outer  case,  will  fall  slightly  apart, 
and  the  plates  and  hair  screens  necessary  for  the  fabrication  of 


Fig.  8.— A.  Estrayer's  press ;  cross-section,  showing  maQhinery  for  raising  or 

lowering  outer  case. 

the  oil  cake,  as  well  as  the  oil  cakes  themselves,  will  be  easily 
extracted  from  the  top  of  the  cylinder.  The  chief  feature  of  the 
invention  consists  of  the  system  of  inclined  planes  running  cir- 
cularly round  the  interior  of  the  outer  case  and  acting  on  the 
corresponding  inclined  planes  on  the  exterior  of  the  segments 
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forming  the  cylinder  for  the  purpose  of  tightening  them  before 
the  oil  cakes  are  pressed  and  subsequently  allowing  these  seg- 
ments to  be  loosened,  so  that  the  oil  cakes,  iron  plates,  and  hair 
screens  may  be  removed  without  difi&culty  or  friction.  The 
inventor  has  reserved  to  himself  the  right  of  raising  the  outer 
case  for  allowing  the  segments  to  fall  slightly  apart,  either  by 
hydraulic  pistons,  or  by  eccentrics,  wedges,  or  cams. 

On  each  of  the  beveled  faces  forming  the  sides  of  the  segments 
of  the  cylinder  there  is  a  semicircular  groove  running  from  top 
to  bottom  of  each  of  the  said  beveled  faces ;  and  the  segments 
being  brought  close  together  so  that  the  beveled  faces  are  tight 
together,  as  at  a,  a\  a^,  a^,  a*,  a^,  a^,  a'',  in  Fig.  4,  the  semi- 
circular grooves  come  opposite  one  another  and  form  eight  cir- 
cular conduits  running  from  top  to  bottom  of  the  cylinder  between 
the  eight  segments.  The  ends  of  these  conduits  are  shown  close 
to  the  letters  a,  a^,  a^,  etc.,  in  Fig.  4,  referred  to  above. 

The  inner  face  of  each  of  the  segments  (t.  ^.,  the  face  forming 
one  of  the  eight  sides  of  the  interior  of  the  cylinder)  is  grooved 
with  parallel  channels,  which  slope  downwards  from  a  line  drawn 
down  the  middle  of  the  inner  face  of  the  segment  (5,  in  Fig.  5) 
to  its  outer  edge,  where  they  fall  into  the  conduit  between  the 
beveled  faces.  Over  these  sloping  channels  there  is  placed  a 
series  of  steel  plates  {e.  Fig.  5),  these  plates  being  five  milli- 
meters wide  and  five  millimeters  thick  and  running  from  top  to, 
bottom  of  the  cylinder,  completely  lining  its  interior  surface. 
The  plates  slide  in  grooves  at  the  top  and  bottom  of  the  segments, 
and  the  two  outer  plates  in  each  segment,  t.  e,,  those  next  the 
beveled  edges,  are,  in  addition,  held  by  screws  at  intervals  from 
top  to  bottom.  The  sides  of  these  plates  are  beveled,  and  they 
are  placed  close  side  by  side  all  round  the  interior  of  the  cylinder, 
with  a  space  between  them  of  not  more  than  one-fourth  of  a 
millimeter  or  thereabouts,  as  shown  in  Figs.  5  and  7. 

When  the  apparatus  is  under  prcvssure  the  oil  squeezed  out  of 
the  oleaginous  matter  passes  between  the  steel  plates,  falls  into 
the  sloping  grooves  behind  them,  and  flows  through  these  into 
the  upright  conduits  between  the  beveled  laces,  which  convey  it 
into  the  receptacle  K,  this  receptacle  being  provided  with  a  draw- 
off  tap. 
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In  order  that  the  sloping  channels  and  the  steel  plates  in  front 
of  them  may  be  cleaned  without  taking  the  cylinder  to  pieces, 
a  sliding  piece  has  been  provided,  which  is  placed  in  the  center 
of  the  grooved  plate  holding  the  upper  ends  of  the  steel  plates 
in  each  segment,  this  sliding  piece  being  held  in  its  place  by 
means  of  a  sunk  screw  (see  Xy  x,  x,  in  Fig.  4).  On  remo\nng 
this  sliding  piece  a  hole  is  disclosed,  through  which  the  steel 
plates  may  be  taken  out  one  after  another,  thus  leaving  the 
sloping  channels  bare. 

The  chief  features  of  the  invention  will  be  seen  on  a  short 
inspection  of  plans  4  and  8  and  paragraphs  3  and  5,  below,  of 
the  manner  of  working  Estrayer  s  press,  and  may  be  summarized 
as  follows :  The  invention  consists  of  two  cylinders,  one  inside 
the  other,  of  which  the  outer  acts  upon  the  inner  by  means  of  a 
series  of  inclined  planes,  the  inner  cylinder  being  composed  of 
eight  segments,  which  either  close  up  tight  together  or  separate 
slightly,  according  as  pressure  is  exercised  or  removed  by  the 
position  of  the  outer  cylinder. 

The  resistance  of  the  apparatus  is  calculated  for  a  pressure  of 
500  kilograms  per  square  centimeter — say  three  tons,  three  cwts., 
two  quarters  per  square  inch — ^whereas  other  presses  are  unable 
to  stand  a  pressure  of  above  350  kilograms  per  square  centimeter, 
or  two  tons,  four  cwts.,  one  quarter  per  square  inch,  without 
some  part  of  the  mechanism  being  strained. 

The  manner  of  working  Estrayer* s  press  is  as  follows: 

( 1 )  The  working  of  the  cage  is  extremely  simple.  It  is  placed 
on  a  truck  running  on  a  rail  track  before  the  presses,  and  the 
cylinder  itself  runs  on  rails  on  the  truck,  these  latter  rails  being 
at  right  angles  to  those  on  which  the  truck  runs,  thus  enabling 
the  cylinder  to  be  brought  on  the  truck  before  any  one  of  the 
presses  and  run  off  the  track  under  the  press. 

(2)  The  first  precaution  to  be  observed  is  to  see  that  the  outer 
case  inclosing  the  cylinder  is  as  low  as  possible,  and  that  the  eight 
segments  forming  the  cylinder  are  in  thorough  and  close  contact. 

(3)  The  cylinder  is  next  brought  under  the  preparatory  press, 
which  is  costructed  for  the  purpose  and  is  provided  with  two 
pistons,  one  below  acting  upwards  and  one  above  acting  down- 
wards.    (The  preparatory  press  is  shown  at  the  left-hand  margin 


MANUFACTURE  OF  VEGETABLE  OILS.  565 

of  Fig.  2,  behind  the  truck).  The  first  or  lower  piston  is  de- 
signed to  discharge  the  cylinder,  i.  e,,  to  force  the  oil  cakes  up 
out  of  it ;  the  second  or  upper  piston  serves  to  ram  down  the 
matter  to  be  pressed,  in  order  to  make  room  for  more  layers  of 
matter  by  subjecting  it  to  a  pressure  of  100  kilograms  to  the 
square  centimeter — say  1,422  pounds  to  the  square  inch — ^before 
the  cylinder  is  placed  under  the  extracting  press,  where  the  pres- 
sure exerted  is  500  kilograms  to  the  square  centimeter — say  three 
tons,  three  cwts.,  two  quarters  (slightly  under)  per  square  inch. 

(4)  The  loading  or  filling  is  effected  in  the  following  manner: 
The  lower  piston  is  raised  to  within  fifteen  or  twenty  centimeters 
(seven  or  eight  inches)  of  the  top  of  the  cylinder ;  a  hair  screen 
is  placed  on  the  piston  (the  screen  having  the  same  surface  as 
the  piston  head),  and  the  quantity  of  seed  or  matter  necessary 
for  making  one  oil  cake  is  poured  on  the  screen,  this  quantity 
being  regulated  by  a  measuring  drawer,  which  forms  part  of  the 
preparatory  press ;  on  the  top  of  the  matter  a  second  hair  screen 
is  placed,  and  above  the  screen  a  plate  of  laminated  iron  five 
millimeters  (0.197  inch)  thick  and  of  the  same  diameter  as  the 
cylinder;  on  the  top  of  this  plate  another  hair  screen  is  placed, 
another  equal  quantity  of  matter  is  poured  upon  it,  and  so  on, 
repeating  the  operations  already  described  till  the  cylinder  is  full 
of  matter  to  be  pressed,  lying  between  plates  of  iron  having  on 
either  side  of  them  hair  screens.  As  the  loading  proceeds  the 
piston  is  lowered  till  the  cylinder  is  full,  when  the  upper  piston 
is  lowered  to  ram  down  the  matter  already  placed.  The  piston 
is  then  raised  and  the  space  obtained  by  the  ramming  of  the 
matter  is  filled  up  with  new  layers,  and  this  is  repeated  till  the 
cylinder  is  perfectly  full.  The  number  of  layers  will  be  about 
twenty  to  twenty-five,  and  their  total  weight  eighty  to  100  kilo- 
grams (one  cwt.  two  quarters  to  two  cwts.). 

(5)  The  loading  being  finished,  the  cylinder  is  run  upon  the 
truck  to  be  placed  under  the  extracting  press  for  the  high  pres- 
sure to  be  exerted  in  order  that  the  oil  may  be  forced  out.  This 
pressing  terminated,  i,  e,,  thirty  to  thirty-five  minutes  later,  the 
cylinder  is  run  under  the  preparatory  press  again  and  in  the  same 
position  that  it  occupied  during  the  loading,  care  being  taken  to 
raise   the   outer  case,   in   order  to   loosen   the  eight  segments 
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composing  the  cylinder  before  commencing  to  unload  and  give  the 
necessary  freedom  for  the  extraction  of  the  oil  cakes.  The  lower 
piston  is  then  raised,  and  the  oil  cakes  are  taken  off  as  they 
appear  above  the  top  of  the  cylinder.  When  the  last  is  taken 
off,  the  outer  case  is  lowered  to  tighten  up  the  segments,  and 
the  loading  is  recommenced  as  in  4. 

(6)  The  operations  of  loading  and  unloading  take  about  eight 
or  ten  minutes,  so  one  preparatory  press  may  serve  three  or  four 
extracting  presses. 

The  construction  of  the  cylinder  is  extremely  simple.  The 
normal  working  pressure  is  500  kilograms  per  square  centimeter 
— ^say  3  tons  3  cwts.  2  quarters  to  the  square  inch.  An  interior 
movement  allows  of  the  cylinder  being  enlarged  in  diameter,  and 
the  movement  by  which  this  is  effected  is  very  simple.  The 
diameter  being  enlarged,  the  oil  cakes  are  no  longer  in  close  con- 
tact with  the  sides  of  the  cylinder,  and  they  can  therefore  be 
removed  without  effort.  This  is  a  very  palpable  advantage 
over  all  other  systems  of  oil  presses,  because  in  their  case  a 
pressure  of  from  forty  to  fifty  kilograms  per  square  centimeter — 
say  569  to  711  pounds  per  square  inch — and  often  more,  is  re- 
quired in  order  to  force  out  the  oil  cake,  which  causes  a  great 
delay  in  the  discharging  of  the  press,  and  is  also  extremely 
injurious  to  the  apparatus  on  account  of  the  friction,  which 
causes  an  enonnous  amount  of  wear  and  tear  and  frequent  break- 
ages of  the  parts  destined  for  the  passage  of  the  oil,  or  else  an 
obstruction  of  them  so  great  that  the  oil  can  only  flow  away  with 
the  greatest  difiiculty.  With  Estrayer's  system  it  is  claimed 
that  all  these  difficulties  are  abolished,  and  the  apparatus  can  be 
discharged  and  reloaded  in  seven  or  eight  minutes. 

Seeds,  etc.,  such  as  sesame,  peanuts,  poppy,  Niger,  etc.,  can 
be  pressed  without  any  previous  trituration  in  one  pressing, 
which  permits  of  oil  of  a  perceptibly  finer  quality  being  obtained. 

The  yield  in  the  first  pressing  of  Indian  sesame  is  about  fort}' 
per  cent.,  whereas  the  best  manufactories  at  Marseilles  only 
obtain  a  yield  of  about  thirty  per  cent.  There  is  a  gain,  therefore, 
of  ten  per  cent,  of  oil,  which,  at  a  cost  of  twenty-five  francs  per  100 
kilograms,  shows  a  gain  of  2.50  francs  for  every  100  kilog^tns 
of  seed  pressed.     Besides  this,  there  is  the  economy  obtained  by 
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the  doing  away  with  the  hair  sacks,  the  increased  value  of  the 
oil,  and  a  considerable  saving  in  the  amount  of  labor  employed. 
For  the  manufacture  of  cotton  oil  the  seed  must  be  slightly 
crushed  before  pressing,  but  not  so  much  as  with  the  presses 
employed  in  America.  The  oil  will  be  of  better  quality.  Experi- 
ments have  been  made  with  Egyptian  cotton  seed,  and  one 
pressing  afforded  a  yield  of  from  17.5  to  18  kilograms  per  100 
kilograms  of  seed,  when  other  presses  gave  only  13  to  13.5 
kilograms.  In  practice  it  will  be  unnecessary  to  press  the  seed 
twice  over,  for  the  power  of  the  press  and  cylinder  is  such  that 
the  same  amount  can  be  obtained  with  one  pressing,  by  leaving 
the  seed  in  the  press  a  few  minutes  longer,  as  the  ordinary  presses 
vrill  afford  in  two  pressings,  in  the  first  pressing  the  seed  being 
cold  and  in  the  second  heated;  and,  moreover,  all  the  oil  ob- 
tained with  Estrayer's  press  will  be  of  the  first  quality,  whereas 
that  yielded  by  seeds  after  they  have  been  heated  (known  as 
'  ^huile  dfabrique  *  * )  can  only  be  employed  for  industrial  purposes, 
and  is  unfit  for  table  consumption. 

Although  the  cylinder  has  been  constructed  for  the  manu- 
iacture  of  seed  oils,  it  will  render  equally  good  service  in  the 
manufacture  of  olive  oil,  the  yield  and  quality  of  which  will  be 
highly  superior  to  those  of  oil  produced  by  existing  systems. 

A  factory  with  twenty  presses  can  press  from  50,000  to  60,000 
kilograms  of  seed  if  the  seed  be  pressed  once  only,  or  from 
25,000  to  30,000  kilograms  if  it  be  subjected  to  two  pressings, 
with  cotton  seed. 

COMPARATIVE   RESULTS. 

With  the  presses  in  use  at  Marseilles,  seeds  from  which  fine 
oils  are  extracted  have  to  be  subjected  to  three  pressings,  in  the 
first  two  of  which  the  seed  is  cold  and  in  the  third  heated.  The 
yield  for  100  kilograms  of  white  Bombay  sesame  is  as  follows : 


Description. 


Oil: 

First  pressing  (cold)  .... 

Second  pressing  (cold).. 

Third  pressing  (heated) 

Oilcake 

Total 


Yield. 

Price  per 

Value. 

kilogram. 

Kilograms. 

Centimes. 

Francs. 

30 

75 

22.50 

8 

62 

4.96 

8 

50 

4.00 

54 

«4 

6.75 

100 

38.2^ 

568 


MANUFACTURE  OF  VEGETABLE  OILS. 


The  same  amount  of  the  same  seed  is  subjected  in  Estrayer's 
press  to  two  pressings,  in  the  first  of  which  the  seed  is  pressed 
whole  and  cold,  and  in  the  second  triturated  and  heated.  The 
yield  is  as  follows : 


Description. 


Oil: 

First  pressing  (whole  and  cold) 

Second  pressing  (triturated  and  heated). 

Oil  cake 

Total 


Yield. 


Kilogrrams. 
40 

7 

53 
100 


Ptjpe  per 
kilogram. 


Centimes. 

78 
50 


Valve. 


Francs. 

31. » 

350 
6.6a 


With  100  kilograms  of  Egyptian  cotton  seed  the  result  ob- 
tained with  the  ordinary  presses  is  as  follows : 


Description. 


Oil: 

First  pressing  (cold  and  triturated) 

Second  pressing  (hot  and  triturated  again).. 

Oil  cake « 

Total 


Yield. 


Kilograms. 

13.35 

5.8s 

80.80 

100.00 


Price  per 
kilogram. 


Centimes. 

90 

50 
10 


Vatac- 


Prancs. 

12.01 

2.92 

8.08 
23.01 


The  same  quantity  of  Egyptian  cotton   seed  treated  with 
A.  Estrayer*s  system  results  as  follows: 


Description. 


oil,  sole  pressing  (cold  and  slightly  triturated) 

Oilcakes 

Total 


Yield. 


Kilograms. 

17.7 
82.3 

100. 


Price  per 
kilogram. 


Centimes. 

90 
10 


Value. 


Francs. 

'5-93 

8.23 

24.16 


An  oil  manufactory  containing  thirty  presses  of  the  type 
commonly  used  in  Marseilles  (Fig.  i)  can  treat  22,500  kilograms 
of  seed  per  day  of  twenty-four  hours,  the  seed  being  pressed 
twice,  while  the  same  number  of  Estrayer's  presses  will  treat 
from  3o,(X)o  to  33,000  kilograms  of  seed  pressed  twice,  or  55,000 
to  60,000  kilograms  pressed  once. 

The  cost  of  Estrayer's  cylinder,  with  press,  is  6,000  francs, 
or  $1,158. 


A  METHOD  FOR  DETECTING  CHLORIN,  BROMIN, 
AND  lODIN  IN  THE  SAME  MIXTURE. 

By  Lyman  P.  Keblbr. 

As  an  introduction  to  this  paper  it  will  perhaps  be  expedient 
to  give  first  a  resum^  of  the  methods  previously  used  for  the  same 
purpose.  Among  these  methods  there  appears  to  be  none  that 
can  be  executed  in  a  comparatively  short  time. 

Anthony  Guyard*  detects  and  estimates  the  iodids  by  acidu- 
lating the  solution  with  sulfuric  acid,  then  adding  a  mixture  of 
acid  sodium  sulfite  and  copper  sulfate.  This  precipitates  the 
iodin  as  cuprous  iodid.  The  entire  mixture  is  filtered,  the  fil- 
trate boiled  with  an  excess  of  sulfuric  acid  until  the  sulfur  dioxid 
is  completely  expelled.  The  portion  remaining  is  placed  in  a 
flask  connected  with  a  Peligot's  tube  containing  acid  sodium 
sulfite,  sulfurous  acid,  carbon  disulfid,  or  potassium  iodid ;  an 
excess  of  chromic  acid  or  potassium  dichromate  and  sulfuric 
acid  is  added  to  the  flask  and  the  mixture  boiled  until  the 
bromin  is  all  expelled  and  absorbed  in  the  Peligot  tube.  After 
reducing  the  excess  of  chromic  acid  the  chlorin  is  detected  in 
the  usual  manner. 

G.  Vortmant  bases  his  method  on  the  following  reactions: 
The  peroxids  of  lead  and  manganese,  in  an  acetic  acid  solution, 
completely  decompose  the  iodids ;  the  bromids  are  decomposed 
only  by  peroxid  of  lead  in  an  acetic  acid  solution,  while  the 
chlorids  remain  intact. 

Paul  Juliust  describes  a  method  which  is  further  examined 
the  following  year,  by  F.  Maxwell  LyteJ  These  investigators 
take  advantage  of  the  solubility  of  the  double  cyanids. 

E.  Hart  I  gives  the  following  method  for  detecting  the  halo- 
gens: The  solution,  contained  in  a  flask  connected  with  a  bulb 
tube  condenser,  is  treated  with  a  solution  of  ferric  sulfate ;  this 
liberates  the  iodin.  The  iodin  is  distilled  into  the  bulb  tube 
containing  starch  solution.  After  the  iodin  is  all  evolved  a  few 
drops  of  chloroform  are  placed  in  the  bulb  tube  and  a  small 

*  1879.  Bull.  soc.  chem..  31,  301:  Ztschr.  anal.  Chem..  x8,  478. 
1 1880.  Bcr..  3,  525 :  Abstr..  Am.  Chem.  J.,  a,  199. 
1 1883,  Chem.  News,  48,  284. 
$  1884,  Chem.  News,  49,  3. 
li  1884.  Am.  Chem.  J.,  6,  346. 
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fragment  of  potassium  permanganate  is  added  to  the  portion 
remaining  in  the  flask  and  the  contents  heated  to  boiling;  if 
bromin  is  present  the  chloroform  will  assume  a  reddish  hue. 
In  case  bromin  is  present  more  potassium  permanganate  and 
ferric  sulfate  solution  are  added,  distillation  continued  until  all 
of  the  bromin  is  evolved.  The  excess  of  potassium  perman- 
ganate is  reduced  with  ethyl  alcohol  and  the  remaining  solution 
tested  for  chlorin  as  usual. 

M.  Dechan  also  gives*  an  ingenious  method.  He  treats  a 
solution  containing  the  halogens  with  potassium  dichromate, 
(forty  parts  in  loo  parts  of  water),  boils  the  mixture  in  a  flask 
connected  with  a  condenser  and  receives  the  distillate  in  a  test- 
tube  containing  a  few  drops  of  carbon  disulfid.  If  iodin  is 
detected  the  distillation  is  continued  until  no  more  iodin  comes 
over.  Then  for  every  loo  cc.  of  potassium  dichromate  solution 
used  he  adds  eight  cc.  of  fifty  per  cent,  sulfuric  acid,  boils  again 
in  the  same  flask,  testing  the  distillate  for  bromin  as  for  iodin 
above.  After  the  bromin  is  all  expelled  the  excess  of  chromic 
acid  is  reduced  and  the  solution  tested  for  chlorin  in  the  usual 
way.  Dechan  has  also  devisedt  an  apparatus  to  be  used  with 
his  method. 

L.  L.  de  Koninckl  presents  a  method  for  detecting  chlorids 
in  presence  of  bromids.  The  haloids  are  precipitated  with  silver 
nitrate,  the  silver  chlorid  is  removed  from  the  silver  iodid  and 
the  silver  bromid  by  boiling  them  with  a  solution  of  ammonium 
carbonate. 

I  have  modified  this  method  as  follows :  After  the  silver  chlorid 
has  been  removed  the  silver  bromid  is  removed  with  ammonia. 
By  this  means  we  have  a  complete  separation  but  there  appears 
to  be  some  difficulty  in  separating  the  silver  chlorid  from  the 
other  silver  salts  by  means  of  ammonium  carbonate. 

J.  E.  Whitfield  §  gives  a  method  for  estimating  the  above 
elements  by  means  of  electrolysis.  This  method  can  also  he 
employed  to  detect  them  qualitatively. 

♦  1886.  J.  Chera.  Soc.,  Trans.,  49,  682. 

1 1886.  J.  Chem.  Soc,  Traus.,  49,  682.     1887.  Ibid,  51,  690. 

J  1885.  Ztschr.  anal.  Cliem.,  24,  376. 

$  1886,  Am.  Chem.  J..  8,  431. 
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In  all*  of  the  above  methods,  as  well  as  in  my  own,  it  is 
necessary  to  employ  the  soluble  halogen  salts.  If  they  are 
present  as  silver  salts,  the  material  is  fused  with  sodium  bi- 
carbonate and  the  mass  extracted  with  water;  if  present  as 
chlorates,  bromates,  and  iodates,  the  substance  is  fused  on  char- 
coal with  sodium  bicarbonate  and  the  mass  treated  as  above. 

The  following  method  of  my  own  has  been  in  successful  use 
for  five  years  past  and  has  given  perfectly  satisfactory  results 
in  the  hands  of  ordinar>'  qualitative  students. 

In  order  to  test  the  accuracy  of  the  method  many  mixtures 
were  prepared  and  analyzed  by  the  author.  The  mixtures  con- 
tained from  one  to  ten  per  cent,  in  the  solid  state,  or  from  one- 
tenth  to  one  per  cent,  each  in  solution  of  chlorids,  bromids,  and 
iodids,  and  in  no  case  was  there  any  difficulty  experienced  in 
detecting  the  individual  elements.  The  only  precaution  necessary 
is  to  watch  carefully  when  the  iodin  and  bromin  are  evolved. 
This  can  easily  be  determined  by  means  of  the  carbon  disulfid  test. 

The  method  is  as  follows :  To  a  solution  supposed  to  contain 
chlorids,  bromids,  and  iodids,  add  a  few  drops  of  nitric  acid, 
specific  gravity  i  .42 ;  warm  gently  and  the  iodin  will  be  liberated 
if  an  iodid  is  present;  cool  the  solution  and  determine  the 
presence  or  absence  of  free  iodin  by  adding  a  few  drops  of  car- 
bon disulfid  which  assumes  a  purple  color  in  presence  of  free 
iodin.  If  the  carbon  disulfid  does  not  assume  a  purple  hue,  but 
a  yellowish- brown,  a  bromid  is  present.  In  case  iodin  is  present 
add  more  nitric  acid,  heat  a  few  moments,  cool  the  solution,  and 
test  for  the  presence  or  absence  of  iodin  as  before  with  carbon 
disulfid.  If  the  iodin  has  all  been  evolved  the  carbon  disulfid 
will  assume  a  yellowish-brown  color  in  presence  of  a  bromid. 
In  case  bromin  is  revealed  add  more  nitric  acid  and  boil  the 
solution  until  the  btomin  is  all  evolved,  which  is  generally 
indicated  by  a  nearly  colorless  solution  and  is  definitely  decided 
by  means  of  the  carbon  disulfid.  After  the  bromin  has  all  been 
expelled  add  a  few  drops  of  silver  nitrate  to  the  solution ;  the 
formation  of  a  white  precipitate  soluble  in  an  excess  of  ammonia 
and  insoluble  in  nitric  acid  indicates  a  chlorid. 

♦Possibly  excepting  L.  L.  de  Koninck's.  but  thai  works  better  with  freshly  prepared 
silver  salts. 
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There  are  several  ways  of  applying  the  carbon  disulfid  test. 
For  the  results  in  this  paper  the  tests  were  applied  as  follows: 
In  each  case  a  few  drops  of  the  hot  solution  were  poured  into  a 
small  test-tube,  cooled,  the  carbon  disulfid  added,  and  slightly 
agitated. 

NOTE  ON  THE  PRECIPITATION  OF  PHOSPHORUS 
FROM  SOLUTIONS  OF  IRON  AND  STEEL.* 

By  Robt.  Hamilton.  P.  I.  C. 

The  rapid  and  correct  estimation  of  phosphorus  in  iron  and 
steel  is  of  such  technical  interest  and  importance,  that  I  imagine 
any  information  concerning  it  will  be  welcome  to  many  members 
of  our  Society. 

Of  the  many  methods  proposed  for  this  estimation,  that  chiefly 
employed  is  one  form  or  another  of  the  method  depending  on  the 
precipitation  of  the  phosphorus  as  ammonium  phospho-molybdate» 
often  spoken  of  as  ** yellow  precipitate.'* 

It  was  known  for  many  years  that  unless  certain  precautions 
were  taken  in  dissolving  the  sample,  there  was  a  liability  to 
obtain  a  solution  from  which  the  ammonium-molybdate  solution 
would  not  precipitate  the  w-nole  of  the  phosphorus. 

In  1877,  And.  A.  Blair  and  Finkiner  independently  attributed 
this  interference  to  the  presence  of  carbonaceous  matter  in  the 
solution,  derived  from  the  action  of  acids  on  the  combined  carbon 
of  the  metal,  and  they  directed  that  the  operation  of  solution 
should  be  conducted  in  such  a  manner  as  to  destroy  these 
carbonaceous  compounds.  This  was  practically  effected  by 
evaporating  the  acid  solution  to  dryness  and  roasting  the  residue. 

Adolf.  Tamm  {Chem,  News,  1884)  accentuated  the  same  view. 

There  are  methods  founded  on  the  afore-mentioned  observ^ations 
which  leave  nothing  to  be  desired  in  point  of  accuracy ;  but  the 
evaporation  to  dryness  with  subsequent  roasting  and  re-solution, 
consumes  much  time,  besides  the  minor  inconvenience  caused 
by  large  amounts  of  acid  fumes. 

Having  a  considerable  amount  of  work  to  get  through,  I 
naturally  neglected  no  opportunity  of  trjdng  processes  which 
promised  to  save  time,  and  I  may  preface  my  further  remarks 

*J.  Soc.  Chcm.  Iiid.,  lo,  No.  ii. 
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by  saying  that  my  object  was  to  obtain  a  rapid  process  for  the 
correct  estimation  of  phosphorus  in  hematite  pig  iron. 

In  1888,  P.  W.  Shimer  suggested  that  the  incomplete  precipi- 
tation of  phosphorus  was  due  to  incomplete  oxidation  of  the 
phosphorus,  and  proposed  to  render  all  the  phosphorus  precipi- 
table  by  oxidizing  the  solution  with  potassium  permanganate,  etc. 

The  experiments  recorded  in  this  paper  would  appear  to  show 
that  this  view  has  much  to  commend  it. 

For  the  estimation  of  the  phosphorus,  Shimer  used  the  filtrate 
from  the  determination  of  silicon  by  the  nitric  and  sulfuric  acids 
method.  It  was  tried  at  the  time  with  unsatisfactory  results, 
though  I  now  believe  that,  with  a  little  practice,  good  results 
could  be  obtained ;  but  the  method  presented  no  advantages  over 
the  one  I  then  used,  and  it  was  not  followed  up. 

In  1889,  Dr.  Drown  supported  Shimer* s  idea  and  introduced  an 
important  improvement  conducing  to  rapidity,  namely,  the  solu- 
tion of  the  metal  in  dilute  nitric  acid,  thus  retaining  practically 
the  whole  of  the  silica  in  solution,  but  in  this  case  the  yellow 
precipitate  should  not  be  weighed,  but,  if  large  enough,  should 
be  converted  into  magnesium  pyrophosphate ;  or,  if  too  small  for 
that,  may  be  reduced  with  zinc  and  the  solution  titrated  with 
standard  permanganate.  This  method  was  carried  out  at  the 
time  exactly  as  described  (Chem,  Neivs^  July,  1889)  and  unsatis- 
factory results  obtained. 

At  intervals  there  continued  to  appear  in  the  journals  slight 
modifications  of  the  foregoing  methods,  and  the  advantages 
offered  were  so  tempting  that  I  determined  to  perform  a  few  ex- 
periments to  find  out  whether  the  idea  was  a  correct  one  or  not. 
Though  the  process  was  wanted  ultimately  for  hematite  iron,  yet 
the  proportion  of  phosphorus  in  that  iron  is  so  small  that  experi- 
mental error  forms  a  larger  factor  and  renders  the  results  less 
decisive  than  if  operating  with  an  iron  containing  more  phos- 
phorus ;  besides  it  is  desirable  to  weigh  the  phosphorus  as  mag- 
nesium pyrophosphate  whenever  possible,  so  I  determined  to 
work  with  phosphoric  iron. 

First,  to  see  what  effect  the  presence  of  the  carbonaceous 
matter  had,  a  sample  of  hematite  white  pig-iron  was  selected,  low 
in  phosphorus  and  high  in  combined  carbon. 
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A  full  analysis  was  not  made,  but  the  following  figures  will 
give  a  fair  idea  of  its  composition :  phosphorus,  0.037  P^r  cent. ; 
silicon,  0.71  ;  sulfur,  0.26;  graphite,  a  trace;  and  combined 
carbon  fully  equal  to  that  of  a  pig  to  be  mentioned  further  on. 
which  had  2^  per  cent,  of  combined  carbon. 

The  general  details  of  the  method  followed  are  much  the  same 
in  each  case,  and  I  shall  describe  the  first  experiment  fully,  and 
only  detail  the  differences  in  those  following. 

Experiment  No ,  I , — Twenty-five  grains  sample  plus  500  meas- 
ured grains  of  nitric  acid  (1:2),  evaporated  till  a  good  deal  of  iron 
salt  dried,  taken  up  with  hydrochloric  acid,  evaporated  to  small 
bulk,  diluted,  filtered,  evaporated  till  skin  just  began  to  form, 
added  excess  of  ammonia,  then  a  slight  excess  of  nitric  acid,  then 
molybdate  solution,  gave  yellow  precipitate,  equal  to  0.030  per 
cent,  phosphorus,  equal  to  eighty-one  per  cent,  of  the  phosphorus 
present. 

A  solution  of  phosphoric  acid  was  prepared  of  such  strength 
that  100  measured  grains  contained  about  0.25  grain  of  phos- 
phorus, so  that  100  grains  of  the  phosphoric  acid  solution  added 
to  twenty-five  grains  of  the  pig  iron  came  to  about  the  same  thing 
as  working  with  a  sample  of  iron  containing  one  per  cent,  of 
phosphorus. 

Experiment  No,  2, — Twenty-five  grains  iron  plus  500  grains 
nitric  acid  (1:2),  heated  till  all  dissolved,  added  100  grains 
phosphoric  acid  solution,  then  proceeded  with  as  before,  gave 
magnesium  pyrophosphate  equal  to  all  the  phosphorus  added  as 
phosphoric  acid,  plus  that  derived  from  the  sample  of  iron  used. 

Experiment  No.  j. — Twenty-five  grains  iron,  plus  nitric  acid 
and  phosphoric  acid  as  last,  evaporated  till  the  solution  would 
just  run,  but  no  iron  salt  dried,  then  exactly  as  before,  gave  the 
whole  of  the  phosphorus  present. 

Experiment  No.  4. — A  repetition  of  the  last  gave  the  same  result. 

Experiment  No.  5. — Twenty-five  grains  iron,  plus  nitric  acid 
and  phosphoric  acid  as  before,  but  evaporated  only  to  half  bulk, 
and  without  filtering  proceeded  with  as  before,  gave  the  whole 
of  the  phosphorus  present.  The  filtrate  from  the  yellow  pre- 
cipitate was  dark  vSherry-colored,  and  the  ammonium  magnesium 
phosphate  was  mahogany  colored. 
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Experiment  No,  6, — To  test  if  the  action  of  solution  had  any 
effect  on  the  phosphoric  acid,  loo  grains  of  the  phosphoric  acid 
solution  was  measured  out,  twenty-five  grains  iron  added,  then 
nitric  acid,  evaporated  to  half  bulk,  and  proceeded  with  as  last, 
gave  the  whole  of  the  phosphorus  present;  colors  of  solutions 
and  precipitates  same  as  last. 

These  experiments  seemed  to  prove  that  the  presence  of  car- 
bonaceous matter  in  solution  did  not  prevent  the  precipitation  of 
phosphorus  which  existed  as  phosphoric  anhydrid  in  combination. 

Tlie  next  step  was  to  find  out  if  the  phosphorus  in  iron  could 
be  rendered  completely  precipitable  by  oxidation  while  in  solu- 
tion. For  this  purpose  the  following  experiments  were  made 
with  a  sample  of  white  pig  iron,  made  when  a  furnace  was  being 
blown  in,  of  the  following  unusual  composition : 

WHITK  PIG   IRON   (PHOSPHORIC). 

Per  Cent. 

Graphite 0.67 

Combined  carbon 2.54 

Total  carbon 3.21 

Silicon 0.39 

Phosphorus 1.36 

Sulfur   0.20 

Manganese 0.69 

5.85 
Iron  (by  difference) 94-15 

100.00 

For  the  remainder  of  this  paper,  when  iron  is  mentioned,  this 
white  iron  with  i  .36  per  cent,  of  phosphorus  is  meant. 

Experiment  No,  7. — Twenty-five  grains  iron  plus  500  grains 
nitric  acid  (1:2),  evaporated  to  half  bulk,  added  excess  of 
ammonia,  slight  excess  of  nitric  acid  and  molybdate  solution. 
Phosphorus  finally  weighed  as  magnesium  pyrophosphate  equalled 
seventy  per  cent,  of  the  phosphorus  present.  The  filtrates  were 
all  tested,  but  this  one  was  especially  worked  with,  but  no  more 
yellow  precipitate  was  obtained. 

At  Experiment  No.  8,  I  began  to  try  the  effect  of  oxidizing 
agents.  Twenty-five  grains  iron  plus  500  grains  nitric  acid 
(1:2),  boiled,  plus  three  additions  of   100  grains  each  of  ten 
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vol.  hydrogen  peroxid,  boiling  between  each  addition,  evaporated 
to  half  bulk,  and  proceeded  with  as  before,  gave  magnesium  pyro- 
phosphate equal  to  ninety-five  per  cent,  of  the  phosphorus  present. 

The  hydrogen  peroxid  destroyed  the  combined  carbon  color, 
the  solution  became  clear  and  the  precipitates  were  pure  yellow 
and  white  respectively. 

It  is  hardly  necessary  to  mention  that  the  hydrogen  peroxid 
and  other  chemicals  used  were  tested  for  phosphorus. 

Experiment  No.  9. — Twenty-five  grains  iron  treated  as  last,  the 
only  difference  being  that  five  additions  of  hydrogen  peroxid  of 
100  grains  each  were  made,  instead  of  three  as  before,  gave 
magnesium  pyrophosphate  equal  to  99.3  per  cent,  of  the  phos- 
phorus present. 

To  avoid  the  boiling  between  each  addition  of  hydrogen 
peroxid,  the  following  experiment  {No,  10)  was  tried:  Twenty- 
five  grains  iron  plus  nitric  acid,  boiled,  cooled,  added  200  grains 
of  a  fresh  solution  of  twenty  vol.  hydrogen  peroxid,  allowed  to 
stand  for  twenty  minutes,  then  heated  very  slowly  and  boiled 
down  to  half  bulk,  then  as  before,  gave  magnesium  pjoDphosphate 
equal  to  only  eighty -five  per  cent,  of  the  phosphorus  present. 

Small  additions  of  hydrogen  peroxid,  boiling  after  each  addi- 
tion, seemed  to  render  all  the  phosphorus  precipitable,  but  the 
cooling  between  each  addition  was  a  loss  of  time  ;  besides  there 
was  nothing  to  show  when  enough  of  the  oxidizing  agent  had 
been  added. 

In  Shimer*s  paper  it  is  directed  to  add  the  permanganate  solu- 
tion (the  oxidizing  agent  he  used)  till  a  precipitate  of  hydrated 
manganese  peroxid  comes  down ;  this  seemed  a  useful,  visible 
reaction,  and  it  was  resolved  to  test  it. 

For  Experiment  No,  11 ,  twenty-five  grains  iron  were  taken 
plus  500  grains  nitric  acid  (i  :  2),  boiled,  and  a  solution  of  per- 
manganate added  till  the  desired  precipitate  came  down;  the 
solution  cooled,  twenty  drops  hydrogen  peroxid  added,  boiled, 
neutralized  with  ammonia,  boiled  again  with  a  little  perman- 
ganate till  a  precipitate  came  down,  which  was  removed  again 
with  hydrogen  peroxid,  the  solution  evaporated  to  half  bulk  and 
proceeded  with  as  before,  gave  magnesium  pyrophosphate  equal 
to  99.7  per  cent,  of  the  phosphorus  present. 
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The  use  of  hydrogen  peroxid  for  deoxidizing  the  manganese 
peroxid  precipitate  is  both  elegant  and  effective,  but  as  the  solu- 
tion requires  to  be  cooled  to  about  130*'  F.  before  adding  it,  there 
is  a  slight  loss  of  time. 

Shinier  dissolved  the  manganese  peroxid  precipitate  in  hydro- 
chloric acid,  and  Drown  removed  it  with  an  organic  acid  or  with 
sugar.  When  trying  Drown's  method,  I  had  used  tartaric  acid, 
but  had  not  got  satisfactory  results  with  it,  and  Jones  {Chem. 
AVa'5,  1890)  found  the  same  thing,  and  proposed  the  use  of  fer- 
rous sulfate. 

Five  experiments  were  performed  very  much  the  same  as  the 
most  successful  of  the  experiments  already  mentioned,  oxidizing 
the  solution  with  permanganate,  and  removing  the  manganese 
peroxid  precipitate  with  ferrous  sulfate;  without  going  into 
details,  I  may  say  that  the  lowest  result  equalled  94.1  per  cent., 
and  the  highest,  96.3  per  cent,  of  the  phosphorus  present. 

In  each  of  the  foregoing  experiments  (excepting  two  of  the 
five  with  ferrous  sulfate)  the  yellow  precipitate  was  allowed  to 
settle  for  hours,  usually  over  night,  but  to  save  time  I  now  tried 
the  effect  of  shaking  for  five  minutes  as  proposed  by  Emmerton, 
and  filtering  straight  off. 

Experiment  No.  12, — Tw^enty-five  grains  iron  plus  700  grains 
nitric  acid  (i  :  135,  being  the  strength  recommended  by  Drown 
for  keeping  the  silica  in  solution),  oxidized  twice  with  perman- 
ganate, removing  the  precipitate  with  hydrogen  peroxid  and 
neutralizing  with  ammonia  between  the  two  oxidations,  the  flask 
stoppered  and  shaken  vigorously  for  five  minutes,  cooled  and 
filtered,  gave  magnesium  pyrophosphate  equal  to  96.3  per  cent, 
of  the  phosphorus  present. 

Experiment  No,  /j. — The  above  experiment  repeated,  gave 
100  per  cent,  of  the  phosphorus  present. 

Even  a  single  oxidation  gave  very  fair  results,  as  follow : — 

Experiment  No,  14, — Twenty-five  grains  iron  plus  700  grains 
nitric  acid  (i  :  135),  oxidized  with  permanganate  and  hydrogen 
peroxid,  neutralized  with  ammonia,  molybdate  solution  added, 
shaken  for  five  minutes,  cooled  and  filtered,  gave  magnesium 
pyrophosphate  equal  to  96.3  per  cent,  of  the  phosphorus  present. 

Experiment  No,  i§  is  exactly  similar  to  the  last,  that  is,  the 
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solution  was  only  oxidized  once,  but  the  yellow  precipitate  was 
allowed  to  stand  for  one  and  a  half  hours  before  being  filtered 
off,  and  the  magnesium  pyrophosphate  obtained  was  equal  to 
lOo  per  cent,  of  the  phosphorus  present. 

The  magnesium  pyrophosphate  precipitates  from  five  experi- 
ments in  which  dilute  nitric  acid  had  been  employed,  were  added 
together  and  tested  for  silica  by  evaporating  to  dryness  with 
hydrochloric  acid,  etc. ;  the  insoluble  matter  weighed  only  0.09 
grain,  which  may  fairly  be  allowed  to  have  been  derived  from 
the  filter  ashes,  and  evidently  the  precipitates  have  been  free 
from  silica. 

At  this  point  I  may  refer  to  an  experiment  of  some  interest, 
only  completed  this  morning. 

Experiment  No.  16. — In  this  experiment  I  took  twenty-five 
grains  of  the  white  phosphoric  iron,  added  500  grains  nitric  acid 
(i  :  2)  and  boiled,  neutralized  with  ammonia,  and  precipitated 
with  molybdate  solution.  The  flask  stood  a  few  hours,  the  pre- 
cipitate had  settled  thoroughly  and  left  a  clear  liquid  which  was 
decanted  through  a  filter  and  the  precipitate  washed  once. 

To  the  clear  filtrate  I  added  permanganate  solution  and  placed 
it  on  the  water-bath ;  in  a  short  time  the  liquid  became  turbid, 
and  deposited  yellow  precipitate.  After  standing  about  one  hour 
I  added  excess  of  hydrogen  peroxid  and  allowed  it  to  settle  over 
night ;  when  filtered  and  weighed  this  morning,  the  yellow  pre- 
cipitate equalled  thirty-three  per  cent,  of  the  phosphorus  in  the 
pig  iron.  Referring  to  experiment  No.  7,  it  will  be  observed 
that  it  is  so  far  much  the  same  as  No.  16,  only  the  original  nitric 
acid  solution  was  evaporated  further  and  gave  seventy  per  cent, 
of  the  phosphorus  present,  so  it  may  be  considered  that  the  thirty- 
three  per  cent,  found  in  the  filtrate  of  experiment  No.  16,  was 
the  whole  of  the  phosphorus  in  that  filtrate. 

Experifnent  No,  ij, — One  other  experiment  may  be  quoted 
which  goes  to  support  the  oxidation  theory. 

In  the  Chemical  News  of  March,  1890,  there  was  an  abstract 
of  a  paper  by  Clerc,  recommending  the  employment  of  brotnin 
and  hydrochloric  acid  for  the  estimation  of  silicon  in  iron. 

Using  the  white  phosphoric  pig  iron  before  mentioned  and 
following  exactly  the  directions  given,  only  fifty  per  cent,  of  the 
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silicon  was  obtained,  but  the  filtrate  yielded  on  proper  treatment, 
without  either  evaporation  to  dryness  or  further  oxidation,  mag- 
nesium pyrophosphate  equal  to  99.7  per  cent,  of  the  phosphorus 
present. 

I  think  it  may  be  fairly  assumed  that  the  two  sets  of  experi- 
ments quoted  prove  to  satisfaction  (i)  that  the  carbonaceous 
matter  in  a  solution  of  iron  does  not  prevent  the  complete  pre- 
cipitation of  properly  oxidized  phosphorus  as  ammonium  phospho- 
molybdate;  (2)  that  the  reason  of  the  incomplete  precipitation 
of  phosphorus  from  a  nitric  acid  solution  of  iron,  which  has  not 
been  evaporated  to  dr>'ness  and  roasted,  is  that  the  phosphorus 
has  not  all  been  properly  oxidized ;  and  (3)  that  in  such  solutions 
all  the  phosphorus  can  be  completely  oxidized  and  rendered 
precipitable,  in  the  wet  way,  by  means  of  certain  oxidizing 
agents. 

In  conclusion,  I  cannot  claim  much  originality'  for  any  of  the 
experiments  quoted,  but  I  think  they  put  this  point  in  a  clearer 
light  than  it  has  been,  and,  at  any  rate,  they  have  served  their 
purpose,  inasmuch  as  there  has  been  founded  upon  them  a  rapid 
and  accurate  method  for  the  estimation  of  phosphorus  in  hematite 
pig  iron. 

A  NEW  BLEACHING  POWDER  PROCESS. 

The  following  description  of  Mr.  Ludwig  Mond's  new  bleach- 
ing powder  process  is  taken  from  the  London  Times,  After  a 
digest  of  the  various  operations  employed  in  the  manufacture  of 
ammonia-soda,  the  Times  says : — 

Instead  of  boiling  his  ammonium  chlorid  with  lime,  Mr.  Mond 
freezes  it  by  means  of  an  ammonia  refrigerating  apparatus,  which 
by  passing  the  gas  through  an  endless  cycle  of  condensations 
and  expansions  produces  any  required  amount  of  cold.  Treated 
in  this  way  the  ammonium  chlorid  crystallizes  out  of  the  solution. 
It  is  dried  and  subjected  to  the  opposite  extreme  of  temperature. 
Somewhere  about  a  red  heat  it  sublimes  and  probably  suffers 
temporary  decomposition,  the  hydrochloric  acid  and  the  ammo- 
nia existing  in  the  vapor  as  separate  and  uncombined  gases. 
The  vapor  is  passed  over  magnesium  oxid  mechanically  arranged 
so  as  to  present  the  largest  possible  surface.     Then  comes  the 
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characteristic  reaction  of  the  new  chlorin  recovery  process.  The 
magnesium  oxid  gives  up  its  oxygen,  which  combines  with 
hydrogen  to  form  water.  In  place  of  the  oxygen  the  magnesium 
combines  with  the  chlorin  of  the  ammonium  chlorid  and  free 
ammonia  is  obtained  and  collected  in  the  usual  way.  At  this 
point,  therefore,  the  account  stands  thus — bicarbonate  of  soda  in 
the  solid  form,  only  needing  to  be  heated  to  give  soda-ash;  the 
ammonia  used  in  the  process  wholly  recovered,  barring  a  per- 
centage of  waste,  in  its  original  gaseous  state ;  and  the  chlorin 
wholly  fixed  as  magnesium  chlorid.  Now  the  reaction  which 
produced  magnesium  chlorid  is  exactly  reversed.  Hot  air  is 
passed  over  the  chlorid  as  hot  chlorin  was  passed  over  the  oxid. 
and  as  the  chlorin  of  the  ammonium  chlorid  drove  out  the  oxy- 
gen of  the  oxid,  so  now^  the  oxygen  of  the  air  drives  out  the 
chlorin  of  the  chlorid.  The  free  chlorin  is  passed  over  the  caustic 
lime  from  the  kilns  after  it  is  slacked  with  water,  producing 
bleaching  powder,  and  the  magnesium  oxid  is  left  in  its  original 
condition  ready  to  decompose  a  fresh  batch  of  ammonium  chlorid. 
Thus  the  chlorin  of  the  original  brine  is  combined  with  the  lime 
of  the  original  chalk,  the  soda  of  the  brine  is  combined  with  the 
carbonic  acid  of  the  chalk,  the  ammonia  and  the  magnesium 
oxid  employed  in  the  process  have  been  given  back  in  their 
original  forms,  and  nothing  has  disappeared  except  the  coal 
which  has  furnished  the  heat  required  to  effect  the  transformation. 

The  Editor  of  the  Chemical  Trade  Journal  from  which  the 
above  account  is  taken  comments  on  it  in  part  as  follows : — 

As  we  have  said  before,  the  process  is  not  so  simple  as  it  looks. 
The  waste  liquors  from  the  carbonates  are  not  pure  solutions. 
Suppose  them  to  contain  six  per  cent,  of  ammonia  they  will  also 
contain  nearly  eight  per  cent,  of  salt,  while  of  the  ammonia 
itself  seventy-five  per  cent,  only  is  chlorid,  the  remaining  twenty- 
five  per  cent,  being  either  a  carbonate  or  chlorid  in  contact  with 
bicarbonate  of  soda. 

We  are  not  attempting  to  argue  that  the  recover}^  is  not  possible 
at  a  price,  but  we  are  brought  face  to  face  with  all  the  difficulties 
of  the  muriate  of  ammonia  sublimer,  and  all  who  know  that 
business  will  be  only  too  ready  to  assert  that  they  are  not  few. 
Add  to  these  the  difficulties  that  have  been  encountered  in  the 
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*'  Weldon  Magnesia"  process,  the  **  Weldon-Pechiney  * '  process, 
and  the  '*  Deacon"  process,  and  we  have  the  **New  Departure" 
in  a  nutshell. 

Backed  by  enormous  resources,  there  is  no  doubt  that  *  *  bleach ' ' 
may  be  made  by  the  New  Departure  for  a  longer  period  than 
"would  be  the  case  in  a  smaller  concern,  but  if  the  revenue  is  not 
greater  than  the  expenditure  it  is  only  another  process  of  assuring 
the  continuance  of  remunerative  prices  for  ammonia-soda. 


CONCERNING  THE  NAME  OF  THE  ELEMENT 

COLUMBIUM. 

The  following  correspondence  is  self-explanatory.  Copies  of 
Prof.  Brown*s  letter  were  sent  to  Professors  Norton  and  Clarke 
and  their  replies  follow. 

Washington  and  Lee  UNrvERSiTv, 

Lexington,  Va.,  Nov.  7,  1892. 
Dr.  H.art, 

Dear  Sir  : 

In  the  September  number  of  your  Journal,  p.  535,  Prof.  Norton  says, 
concerning  the  name  Columbium  "discovered  and  named  by  an  American 
chemist.'*  This  is  no  good  reason  for  retaining  the  name,  even  were  it 
correct,  but  it  is  not.  Hatchett,  who  proposed  the  name,  was  an  English- 
man, according  to  Prof.  J.  D.  Dana  who,  in  his  "System  of  Mineralogy," 
Sth  Edition,  p.  518,  says :  "No  good  reason  has  been  given  for  substituting 
Niobium  for  Columbium ;  and  yet  most  English  chemists,  as  well  as 
Eurox)ean,  have  thus  far  followed  Rose  in  rejecting  the  name  given  by 
the  English  discoverer.     The  rule  of  priority  demands  recognition,^^ 

The  last  sentence  gives  the  reason  for  abiding  by  Columbium. 

Kopp,  "Geschichte  der  Chemie,"  Vol.  4,  p.  77,  says:  "Das  Tantal  wiirde 

zuerst  durch  den  Englander  Hatchett  wahrgenommen,       ♦      «     ♦      von 

ihnen  Columbium  genanntes." 

Yours  truly, 

W.  G.  Brown. 

I 

/*.  S, — If  an  American  chemist  has  discovered  an  element,  it  was  Dr. 

J.  Lawrence  Smith,  who  named  one  mosandrum. 

W.  G.  B. 

Cincinnati,  Nov.  12,  1892. 
My  Dear  Professor  Hart  : 

Your  favor  of  the  9th  just  received.     Prof. 

Brown's   criticism  is  quite  correct.    The   New   England  origin  of  the 

mineral  columbite  in  which  the  presence  of  the  new  element  was  detected. 
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led  me  inadvertently  to  overlook  the  fact  that  Hatchett  was  an  Englishman, 
and  made  his  communication  to  the  English  Philosophical  Transactions 
in  1802. 

The  historical  priority  of  Columbiuni  should,  however,  scarcely  be 
questioned.  In  the  year  following  Hatchett 's  discovery,  Ekeberg  an- 
nounced the  presence  of  the  new  metal  tantalum  in  the  mineral  tanta- 
lite.  The  close  similarity  of  Hatchett*s  columbic  acid  and  Ekeberg's 
tantalic  acid  led  Berzelius  and  others  to  claim  for  many  years  that  they 
were  identical,  and  the  name  given  by  Berzelius'  compatriot,  Ekeberg, 
displaced  to  a  great  extent  that  of  Hatchett,  although  the  latter  was 
indisputably  of  earlier  date. 

In  1844  Rose  (and  others  during  the  next  decade)  showed  that  the  acid 
in  tantalite  was  not  homogeneous,  but  contained  from  nine  to  thirty-five 
per  cent,  of  what  we  now  term  columbic  acid,  and  further  that  the  acid 
in  columbite  was  rarely  pure,  but  contained  usually  from  thirty  to  forty 
per  cent,  of  tantalic  acid. 

Rose  unfortunately  gave  the  name  Niobium  to  the  element  predomina- 
ting in  columbite  and  present  to  a  less  extent  in  tantalite ;  and  his  example 
has  been  largely  followed  in  Europe,  in  total  disregard  of  the  ordinary 
custom  of  respecting  the  rights  of  discoverers. 

It  is  certainly  of  interest  to  us  Americans  to  see  the  usage  of  the  histori- 
cally correct  name  of  the  element  in  question  restored,  especially  since  that 
name  is  linked  so  emphatically  with  the  one  instance  in  which  a  mineral 
from  our  own  land  has  proved  to  be  the  source  of  a  new  element. 

Very  sincerely  yours, 

T.  H.  Norton. 

Washington,  D.  C,  Nov.  10.  1892. 
Dkar  Sir  : 

Hatchett,  as  Brown  says,  was  not  American  but  English.  In 
1801  he  discovered  the  new  metal  Columbium,  in  a  mineral  which  he 
called  columbite,  and  which  very  probably  came  from  Middletown,  Conn., 
or  near  there.  In  1802  Ekeberg  discovered  tantalum  in  tantalite.  For 
some  time  after  it  seemed  as  if  tantalum  and  Columbium  might  be  iden- 
tical. Later,  Rose,  studying  columbite,  thought  he  had  found  two  new 
elements,  which  he  named  niobium  and  pelopium.  The  latter  was  soon 
abolished,  and  niobium  was  found  to  be  identical  with  the  greater  part  of 
the  new  metal  found  by  Hatchett  in  columbite.  The  metallic  acids  in  the 
Connecticut  columbite  are  about  one-third  tantalic  to  two-thirds  columbic, 
Hatchett's  name,  therefore,  represents  the  dominant  constituent  of  the 
mineral,  while  Rose's  Niobium  merely  stands  for  a  blunder.  He  simply 
had  Columbium  freed  from  a  small  impurity  of  admixed  tantalum.  The 
rule  of  priority  is  clear,  and  the  juggle  by  which  Niobium  came  into  vogue 
should  be  discountenanced. 

Yours  very  truly, 

F.  W.  Clarke. 


THE  CONSTITUTION  OF  MAGNETIC  OXIDS. 

By  Stephen  H.  Emmens. 

In  the  process  of  nickel  manufacture  practised  by  the  Emmens 
Metal  Company  at  Youngi^^ood,  Westmoreland  Co.,  Pa.  the 
metal  is  granulated  by  pouring  it,  when  molten,  into  water. 
This  operation  usually  proceeds  quietly  and  without  interruption; 
but  occasionally  sharp  explosions  take  place  as  the  metal  touches 
the  surface  of  the  water.  Investigation  into  the  conditions  of 
these  explosions  has  shown  that  the  phenomenon  is  alwaj'S 
accompanied  by  a  more  or  less  oxidized  state  of  the  molten 
metal ;  that  is  to  say,  the  nickel  ore  has  not  been  completely 
reduced  to  metal  in  the  operations  preceding  that  of  granulation. 

It  is  also  noticed  that  when  no  explosions  occur,  and  when 
the  molten  metal  sinks  quietly  to  the  bottom  of  the  granulating 
vessel,  bubbles  of  gas  rise  to  the  surface  of  the  water  and  bum 
there  with  a  blue  flame. 

Inasmuch,  then,  as  the  fully-reduced  metal  appears  to  decom- 
pose water,  and  as  the  partially-reduced  metal  causes  an  explo- 
sion when  coming  into  contact  with  water,  it  would  seem  that, 
in  the  latter  case,  the  presumably  homogeneous  mass  of  molten 
metal  consists  partly  of  molecules  of  free  nickel  which  liberate 
hydrogen  from  the  water,  and  partly  of  molecules  of  nickel  oxid 
which  supply  oxygen  to  at  once  combine  explosively  with  the 
hydrogen. 

This  explanation,  namely,  that  an  oxid  of  nickel  probably 
exists  in  which  the  metal  is  partly  metallic  and  partly  oxidized, 
suggests  an  analogous  explanation  of  an  analogous  phenomenon, 
/.  ^.,  the  magnetic  character  of  certain  oxids. 

Chemists  have  hitherto  been,  for  the  most  part,  agreed  in 
considering  the  magnetic  oxid  of  iron,  Fe,0,,  as  being,  to  quote 
Mendel^eff  (^Principles  of  Chemistry^  translated  by  Kamensk}^ 
and  Greenaway),  ** composed  of  ferrous  and  ferric  oxids.*' 
Indeed,  Mendel^eff  specifically  speaks  of  **the  so-called  magnetic 
oxid,  containing  atomic  quantities  of  the  suboxid  and  oxid,  viz., 
FeO,Fe,0,  =  Fe,0,."  And  the  new  edition  of  Watts'  Diction- 
ary says  *'Fe,0^  may  be  regarded  as  FeO.Fe^Oj";  while  the  old 
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edition  (Second  Supplement)  gives  the  following  graphic  formula 

for  Fe,0/. 

Fez=0 

I  "^^-r.Fe 

Fe  =  0 

in  which  ferrous  (bivalent)  iron  is  represented  as  forming  an 
unsaturated  compound,  FeO„  which  is  united  with  an  unsatu- 
rated compound,  Fe,0^,  of  ferric  (in  this  case  quadrivalent)  iron. 
Drechsel,  on  the  other  hand  {IntroducHoti  to  the  Study  of  Chem- 
ical Reactions,  translated  by  Merrill),  admits  Fe,0„  or,  rather, 
Fe^O^,  to  a  place  among  the  true  iron  oxids,  and  pictures  its 
constitution  as  follows : 
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O  Fe^^' 


contending  that  iron  is  quadrivalent  only  and  not  at  any  time 
either  bivalent  or  trivalent. 

None  of  these  views  throw  any  light  upon  the  most  remarkable 
property  of  Fe.O^;  that  is  to  say,  they  show  no  reason  why 
it  should  be  much  more  magnetic  than  its  fellow  oxids,  and 
especially  than  the  protoxid,  FeO,  which  contains  a  larger 
percentage  of  the  metal.  The  question,  therefore,  of  the  true 
molecular  constitution  of  magnetic  iron  oxid  may  be  regarded 
as  being  still  an  open  one;  unless,  indeed,  there  be  any  con- 
siderations of  paramount  importance  already  advanced  for  com- 
pelling the  recognition  of  FeO,Fe,05.  If  we  search  for  such 
reasons,  we  shall  find  them  to  be  two  in  number,  viz. : 

I.  The  argument  from  isomorphism. —  Magnetite  (Fe.OJ  is 
found  in  nature  as  a  mineral  isomorphous  with  spinel  (MgAl,0,) 
gahnite  (ZnAl,0,),  zeilanite  (FeAl.O,),  franklinite  (ZnFe,0,), 
and  chromite  (FeCr,0  J .  It  is  assumed  that  spinel  must  contain 
MgO,  that  gahnite  and  franklinite  must  contain  ZnO,  that 
zeilanite  must  contain  A1,0,  that  chromite  must  contain  Cr,0,, 
and  that  therefore  the  former  three  must  also  contain  Fe,0,  and 
the  latter  two  FeO.     But  if  these  assumed  necessities  do  not 
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in  point  of  fact  exist,  the  argument  falls  to  the  ground ;  and  as 
no  attempt  is  made  to  prove  their  existence  we  are  justified  in 
treating  the  argument  as  of  no  weight, — a  ver>'  frequent  thing  in 
cases  of  isomorphism. 

2.  The  argument  from  solution. — If  Fe,0^  be  dissolved  by 
acids,  ferrous  and  ferric  salts  are  found  in  solution.  This  is  held 
as  proof  that  Fe^O^  consists  of  FeO  and  Fe^O,.  But  if  Fe  be 
dissolved  by  H,SO,  and  form  FeSO^,Aq.,  no  one  dredms  of  de-^ 
daring  that  Fe  must  have  contained  FeO.  Solution  certainly 
implies  a  degree  of  molecular  disaggregation  that  admits  of  re- 
arrangement ;  and  so  far  from  the  presumption  being  in  favor  of 
a  continuance  of  pre-existing  molecular  structure,  it  is  obviously 
the  reverse. 

Seeing,  then,  that  no  good  reason  exists  for  regarding  Fefi^ 
as  FeO,Fe,0„  it  may  be  well  to  enquire  whether  any  valid 
arguments  can  be  advanced  against  such  a  view. 

First,  the  compound  Fe,0,  is  of  a  very  stable  character,  and  is, 
with  reason,  regarded  as  ** saturated."  If,  then,  it  be  linked  to 
FeO,  this  can  only  be  by  means  of  some  hitherto  unknown  and 
unrecognized  afl&nity  invented  or  imagined  for  the  occasion. 

Secondly,  FeO  is  of  a  very  unstable  character;  so  much  so, 
indeed,  that  the  ordinary  assumption  of  its  being  **  saturated" 
appears  to  have  very  slender  foundation.  Its  combination  with 
Fe,0,  by  means  of  the  mysterious  affinity  above  mentioned 
should  not,  apparently,  interfere  with  its  proneness  to  oxidation ; 
and  the  compound  FeO,Fe,0,  should  readily  change  into  2Fe,0,, 
whereas,  in  point  of  fact,  FCjO^  is  so  stable  and  unoxidizable 
that  it  is  artificially  produced  on  the  surface  of  iron  (/.  e.,  the 
**  Barff "  and  ** Bower"  processes)  as  a  durable  coating  for  the 
purpose  of  preventing  that  metal  from  rusting. 

Thirdly,  FeO  is  somewhat  magnetic,  but  Fe,0,  is  very  slightly 
so,  if  at  all.  According  to  Becquerel  Fe,0,  is  diamagnetic,  and 
this  is  also  stated  by  Mendel6eff  and  other  authorities ;  though 
Plucker  gives  the  specific  magnetism  of  specular  iron  ore  as 
533  compared  with  40227  for  Fe,0^  and  Sidot  {Compt.  Rend,, 
67,  175)  has  obtained  an  oxid  exhibiting  magnetic  polarity  by 
heating  ferric  oxid  in  an  earthen  tube  placed  in  the  magnetic 
meridian  to  a  temperature  not  sufficient  to  fuse  the  oxid.     A. 
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Frenzel  also  {Jahr.f,  Min,,  1874,  685)  obtained  small  rhombo- 
hedrons  of  iron  glance,  slightly  magnetic,  by  igniting  a  pre- 
cipitate of  ferric  hydrate;  and  Malaguti  {Ann,  chim. phys.,  [3], 
69,  214)  states  that  a  magnetic  variety  of  Fe,0,  exists.  These 
discrepant  assertions  may  perhaps  be  caused  by  the  fact  that 
Fe,0,  when  strongly  heated  gives  off  oxygen  and  is  partially 
converted  into  FCjO,.  But  be  this  as  it  may,  the  ver>-  slightly 
magnetic  character  of  both  FeO  and  Fe,0,  is  as  incontestable  as 
is  the  highly  magnetic  character  of  Fe.O^.  And  as  magnetism 
is  conceded  to  be  a  physical  property,  dependent  in  some  un- 
known way  upon  the  molecular  structure  of  bodies,  the  inference 
is  irresistible  that  the  molecules  of  iron-  and  oxygen  in  Fe,0, 
cannot  be  arranged  in  two  groups,  one  of  which  has  the  structure 
of  FeO  and  the  other  that  of  Fe,0,. 

Fourthly,  neither  the  hydrate  of  FeO  nor  that  of  Fe,0,  is 
magnetic.  But  the  hydrate  of  Fe,0^  is  attractable  by  the  mag- 
net, both  when  in  the  liquid  from  which  it  is  precipitated, 
and  when  in  a  dry  state.  Here,  again,  it  seems  idle  to  suppose 
that  FCjO^  exists  as  a  combination  of  FeO  and  Fe,0,. 

Fifthly,  Lefort,  {Compi,  Rend,,  69,  179)  has  succeeded  in 
forming  a  definite  salt  by  dissolving  Fe,0^  in  H,SO^  and  evapora- 
ting the  solution  over  H,SO,.  This  sulfate  has  the  composition 
Fe,0,,6S0„  I sHjO.  But  FeO  combines  with  one  molecule  of  SO, 
and  Fe,0,  with  three  molecules  of  SO,;  so  that  the  mixture 
FeO-|-Fe,0,  will  combine  with  4  SO,.  The  combining  power 
of  FCjjO^  is  therefore  very  different  from  that  of  FeO,Fe,0,. 

Sixthly,  if  Fe^O,  be  composed  of  a  molecule  of  FeO  united 
to  one  of  Fe,0,  it  would  seem  that  only  one  grouping  is  possible, 
and  that  no  isomer  of  the  normal  Fe.O^  can  exist.  But,  accord- 
ing to  Moissan  {Ann.  chim.  phys.,  [5],  21,  223)  and  Berthelot 
{Ann,  chitn,  phys,,  [5],  28,  118),  two  varieties  of  Fe,0,  exist, 
having  distinct  specific  gravities,  different  solubilities  in  HNO, 
and  different  behaviors  when  exposed  to  heat.  It  follows  that 
Fe^O^  cannot  have  the  constitution  FeO,Fe,0, ;  unless,  indeed, 
the  isomerism  be  regarded  as  due  to  the  presence  of  two  varieties 
of  Fe,0,. 

Having  now  shown  that  no  good  reason  exists  for  regarding 
Fe,0,  as  being  FeO,Fe.,03,  and  that  many  good  reasons  exist 
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against  such  a  view,  it  remains  for  me  to  point  out  that  another 
view  of  the  molecular  constitution  is  possible  and  preferable. 

1/et  us,  with  Drechsel,  F.  W.  Clarke,  and  some  other  chemists, 
regard  iron  as  being  a  quadrivalent  element,  and  let  us  dismiss 
the  imaginary  ferrosum  and  ferricum  from  our  minds.  Let  us 
also  consider  oxygen  as  being  virtually  bivalent.  And  let  us 
recognize  the  fact  of  the  magnetic  property  of  iron  being  im- 
paired and  well  nigh  destroyed  by  the  union  of  the  metal  with 
oxygen  ;  a  fact  which  leads  us  to  conclude  that  in  any  strongly 
magnetic  oxid  of  iron  some  part  at  least  of  the  metallic  mole- 
cules must  exist  uncombined  save  with  iron.  The  problem  then 
arises  whether  any  possible  grouping  of  the  molecules  in  Fe,0^ 
can  comply  with  the  requirements  thus  premised. 

I  submit  that  the  following  graphic  formula  is  a  solution  of 

the  problem,  viz. : 

0         —         0 


Fe  =  Fe  =  Fe 


0         —        0 

Here  each  molecule  of  Fe  is  quadrivalent  and  each  molecule 
of  O  is  bivalent.  One  third  of  the  iron,  moreover,  is  uncom- 
bined save  with  iron  and  is,  therefore,  fully  magnetic.  We  also 
see  that  a  polymeric  form  is  possible,  viz., 

O  —  Fe  —  O  —  O  —  Fe  —  O  —  O  —  Fe  —  O 

II  II  II 

Fe  Fe  Fe 

II  II  II 

O  —  Fe  —  O  —  O  —  Fe  —  O  —  O  —  Fe  —  O 

and  this  may  well  account  for  there  being  two  varieties  of  mag- 
netic oxid  in  both  of  which  the  proportions  of  iron  and  oxygen 
are  as  Fe,  to  O^. 

The  slightly  magnetic  character  of  the  protoxid  may,  I  think, 
be  shown  by  adopting  the  following  formula, 

=  Fe=:  O 
in  which  the  iron  molecule  is  not  fully  linked,  and  is,  therefore, 
free  to  combine  with  another  molecule  of  Fe  O,  thus 

O  =  Fe  =  Fe  =  O 
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forming  a  somewhat  magnetic  body  which  is  easily  oxidized  into 
the  less  magnetic  ferric  oxid,  Fe,©,, 
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O  =  Fe  —  Fe  =  O 


and  this,  by  further  oxidation,    becomes  ferric  anhydrid,  FeO, 


or  Fe.,0. : 
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It  will  be  observed  that  the  suggested  constitution  of  Fe,0, 
also  admits  of  a  polymeric  variation,  viz. : 
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and  in  accordance  with  this  view  it  may  be  mentioned  that  two 
varieties  of  ferric  oxid  as  well  as  of  Fe^O^  are  known.  Indeed, 
as  Mendel^eff  very  justly  observes  (/.  c.  p.  324)  '*all  phenomena 
observed  respecting  ferric  oxid  (colloidal  properties,  various 
forms,  formation  of  double  basic  salts)  demonstrate  that  this  sub- 
stance like  silica,  alumina,  lead  hydroxid,  etc.,  is  polymerized, 
that  the  composition  is  represented  by  (Fe,0,)n.'* 

In  conclusion,  I  would  add  that  in  the  foregoing  observations 
I  have  employed  the  concepts  of  molecule,  valency  and  the  like, 
merely  as  customary  useful  aids  to  such  an  understanding  and 
explanation  of  chemical  and  physical  relations  and  phenomena 
as  is  possible  in  the  present  limited  condition  of  our  knowledge, 
and  not  as  representing  the  esoteric  facts  of  nature. 


n 


A  FEW  REMARKS  ABOUT  ALKALOIDAL  ASvSAYS 

OF  DRUGS.* 

By  Ciias.  Caspari.  Jr. 

Unfortunately  the  determination  of  alkaloidal  values  of  crude 
drugs  and  their  galenical  preparations  has  as  j'et  not  received 
that  attention  at  the  hands  of  the  pharmacist  which  the  import- 
ance of  the  subject  demands,  and  even  the  pharmaceutical 
chemists  employed  by  large  manufacturing  firms  in  this  country 
appear  thus  far  to  have  been  satisfied  with  methods  yielding 
results  often  of  questionable  accuracy.  In  both  Germany  and 
Great  Britain  our  professional  brethren  are  far  in  advance  of  us 
in  this  respect,  and  the  inaccuracy  and  consequent  undesirability 
of  the  gravimetric  methods  of  determination  of  alkaloidal  residues 
obtained  in  plant  extraction  have  long  since  been  recognized. 
Surely  any  analyst  who  may  have  taken  the  trouble  of  examining 
more  closely  the  amorphous  residue  obtained  in  an  assay  of  a 
drug,  and  weighed  and  reported  as  crude  alkaloid,  must  have 
had  his  confidence  in  the  method  seriously  shaken  upon  ascer- 
taining that  the  amount  of  true  alkaloid  in  the  crude  residue 
equals  only  from  eighty  to  ninety  per  cent.,  or  even  less.  It  is 
argued  by  some  that  the  determination  of  crude  alkaloid  in  a 
drug  or  its  preparation  is  quite  sufficient,  but  it  must  be  admitted 
that  the  value  of  assay  methods  depends  upon  the  accurate 
determination  of  true  alkaloid  present;  just  as  the  amount  of 
alkaloid  may  vary  considerably  in  different  samples  of  the  same 
drug,  so  also  may  the  proportion  of  impurities  present  in  the 
crude  residues  vary  in  the  same  samples,  and  hence  none  of  the 
gravimetric  methods  at  present  in  use  offer  that  security  against 
error  which  is  alone  attainable  by  subsequent  valuation  of  the 
crude  alkaloids. 

That  such  accurate  valuation  is  feasible  and  extremely  desirable 
has  been  demonstrated  repeatedly,  and  as  it  involves  merely  the 
additional  work  of  ten  or  fifteen  minutes,  it  should  never  be 
omitted.  Any  one  familiar  with  alkalimetry  (and  at  the  present 
day  every  educated  pharmacist  should  be)  can  readily  determine 
by  titration  the  exact  amount  of  true  alkaloid  present  in  a  residue, 

•  From  The  Pharmaceutical  Review. 
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which  would  otherwise  be  weighed  as  crude  alkaloid,  and  the 
results  thus  volumetrically  obtained  supply  an  assurance  of 
accuracy  which  utterly  fails  in  the  gravimetric  methods  usually 
employed. 

As  a  matter  of  course,  a  little  practice  is  requisite  to  become 
familiar  with  the  end  reaction,  w^hich  is  shown  by  a  change  in 
color,  imparted  to  some  suitable  indicator,  and  which  should  be 
of  the  same  .shade  for  all  operations.  Cochineal  is  used  almost 
exclusively  as  an  indicator  for  titration  of  alkaloids  in  Germany, 
but  it  has  been  found  that  in  the  presence  of  other  coloring 
matter,  often  unavoidably  mixed  with  the  residue,  the  end  re- 
action is  not  ver>'  sharply  marked.  Dr.  Mew,  analytical  chemist 
of  the  Surgeon  GeneraPs  office  at  Washington,  first  suggested  a 
strong  decoction  of  Brazil  wood  as  an  indicator  for  alkaloidal 
titrations,  and  in  the  writer's  hands  it  has  been  found  ver>' 
efficient,  the  end  reaction  being  much  sharper  than  with  cochi- 
neal, especially  if  the  titration  be  conducted  in  dilute  solutions. 

As  all  interested  in  the  assay  of  alkaloidal  drugs  are  likely  to 
be  familiar  w^ith  the  different  gravimetric  methods  proposed, 
their  merits  and  defects,  it  can  be  safely  assumed  that  the  operator 
will  choose  for  isolation  of  the  alkaloids  the  method  likely  to 
yield  least  contamination  with  coloring  and  other  foreign  matter ; 
the  crude  residue  thus  obtained  may  be  weighed  and  should  then 
be  dissolved  in  an  excess  of  decinormal  hydrochloric  acid  with 
the  aid  of  gentle  heat,  noting  the  number  of  cubic  centimeters 
of  acid  used,  and  making  the  solution  up  to  fifty  or  one  hundred 
cc.  A  sufficient  quantity  of  indicator  (Brazil  wood  decoction) 
is  now  added  to  show  the  pale  yellow  color  produced  by  the  acid, 
and  centinonnal  alkali  then  carefully  added  from  a  burette,  until 
the  pale  pink  color  (permanent)  shows  that  a  trace  of  alkali  has 
been  added  in  excess.  The  correct  reading  of  the  burette  is 
now  made,  and  from  it  the  amount  of  acid  in  combination  with 
the  alkaloid  is  calculated  as  follow-s:  our  hydrochloric  acid 
being  -fj^  we  must  multiply  the  number  of  cc.  used  by  ten, 
as  jlfj  alkali  was  employed;  and  from  this  product  subtract  the 
number  of  cc.  alkali  necessary  to  produce  the  permanent  pink 
color — the  remainder  will  be  the  number  of  cc.  of  jhf  hydro- 
chloric acid  combined  with   the  alkaloid,  and   from   this  can 
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readily  be  calculated  the  actual  amount  of  pure  alkaloid  present, 
b3'  means  of  the  proper  multiplication  factor. 

This  method  of  titration,  involving  the  use  of  both  acid  and 
alkali  solutions,  appears  preferable  to  the  method  suggested  by 
some,  of  dissolving  the  crude  alkaloid  in  ether  or  alcohol,  and 
then  titrating  with  jj^  acid  alone  after  addition  of  a  suitable 
indicator,  since  the  color  reactions  are  more  sharply  marked. 

Another  plan  used  by  some  analysts  is  to  test  the  purity  of  the 
alkaloidal  residue  by  solubility  in  dilute  acid,  and  in  case  of 
incomplete  solution  filter  out  foreign  matter,  render  solution  alka- 
line and  again  wash  out  the  alkaloid  with  ether  or  chloroform, 
dr>'  and  weigh ;  this  method  whilst  preferable  to  simple  weigh- 
ing of  the  crude  alkaloid,  is  far  more  laborious  than  that  of 
titration  and  also  less  accurate,  being  subject  to  error  by  loss  and 
otherwise. 

In  the  case  of  drugs  containing  several  alkaloids,  the  result 
can  only  be  calculated  as  totals,  our  methods  of  assay  thus  far 
giving  only  imperfect  and  unsatisfactory  separation,  and  the 
multiplication  factor  used  must  be  found  from  the  mean  of  the 
molecular  weights  of  the  alkaloids  known  to  be  present — ^thus 
for  cinchona  bark  the  mean  of  the  molecular  weights  of  the  four 
alkaloids — quinin  324,  quinidin  324,  cinchonin  308,  cinchonidin 
308 — would  be  316,  and  hence  each  cc.  j^  hydrochloric  acid 
will  be  equivalent  to  0.00316  total  alkaloids ;  for  nux  vomica  the 
mean  of  the  molecular  weight  of  the  two  alkaloids,  strychnin  334 
and  brucin  394  would  be  364,  and  hence  each  cc.  y^^  hydro- 
chloric acid  will  be  equivalent  to  0.00364  total  alkaloids. 

The  writer  has  experienced  much  satisfaction  in  the  use  of 
the  titration  method  for  determining  the  alkaloidal  value  of  crude 
drugs  as  well  as  fluid  and  solid  extracts,  and  would  like  to  see 
the  method  more  generally  tried  in  this  country  and  results 
reported  in  accordance  therewith  hereafter.  A  more  complete 
series  of  experiments  in  connection  with  this  subject  is  under  way, 
and  data  will  be  published  as  soon  as  completed. 

The  use  of  the  well-known  Mayer's  solution  is  still  upheld  by 
a  few,  but  for  quantitative  determination  of  alkaloids  this  reagent 
is  very  unsatisfactory.  Even  in  solutions  of  pure  alkaloids  the 
multiplication  factor  will  vary  in  some  cases  as  much  as  one  or 
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two  milligrams  for  each  cubic  centimeter,  on  account  of  diff- 
erence in  strength  of  solutions ;  how  great  then  must  be  the  un- 
certainty when  operating  upon  solutions  of  unknown  strength 
of  crude  alkaloids ;  the  end  reaction  is  moreover  in  many  instances 
ver>-  indefinite.  As  a  qualitative  reagent  none  is  better  or  more 
convenient  than  Mayer's  solution  and  it  should  be  in\'ariably  em- 
ployed to  test  the  complete  abstraction  of  alkaloids  in  any  of  the 
assay  methods  now  used. 


THE  IVIGTUT  CRYOLITE  MINE. 

By  Chas.  Hart. 

The  mineral  cryolite  was  found  for  the  first  time  at  Ivigtut,  in  South 
Cireenland,  by  a  Danish  whaler,  who  brought  a  piece  of  it  to  Copenhagen, 
without  stating  where  it  came  from.  It  was  first  descril)ed  by  Schumacher, 
in  1795,  and  analyzed  by  Abidjaard,  more  correctly  by  Klaproth,  who 
proved  it  to  contain  soda — the  first  time  that  this  alkali  had  been  found 
in  the  mineral  kingdom  otherwise  than  as  common  salt.  Further  analyses 
by  Vauquelin,  Berzelius,  and  Deville  completely  established  the  compo- 
sition of  the  mineral.  The  original  occurrence  of  the  mineral  in  Green- 
land was  discovered  by  Giesecke  after  long  seeking  (1806-1813).  Up  to 
1849  it  was  only  found  in  scientific  collections;  but  in  1849  Professor 
Julius  Thomsen  at  Copenhagen  proved  cryolite  to  be  easily  decomposable 
])y  lime  both  in  the  dry  and  in  the  wet  way,  and  showed  its  applicability 
to  the  manufacture  of  soda.  In  1854  he  obtained  an  exclusive  right  (till 
1884)  of  mining  for  cryolite  and  working  it  up  in  Denmark  for  soda  and 
alumina;  this  right  was  afterwards  sold  to  a  company.  The  first  small 
factory  was  built  in  1857,  at  Copenhagen  ;  the  first  large  one,  still  existing, 
at  Oeresund  near  Copenhagen.  In  1861,  and  later  on,  factories  were 
erected  at  Harburg,  Mannheim,  Prague,  Goldschmiedeu  near  Breslau. 
and  Warsaw.  All  the  latter  works  have  had  to  discontinue  the  use  of 
cryolite,  since  the  Pennsj-lvania  Salt  Manufacturing  Company  at  Natrona 
near  Pittsburg,  in  1865,  obtained  a  right  to  two  thirds  of  all  the  cryolite 
produced  (;;/  maximo  6000  tons  per  annum)  up  to  1884.  In  1855  H.  Rose 
proposed  this  mineral  for  the  manufacture  of  aluminum. 

On  the  whole,  from  1856  (when  first  whole  cargoes  were  shipped  1  to  1873 
68,000  tons  of  cryolite  were  got;  since  1865,  about  6000  or  7000  tons  per 
annum. 

All  cryolite  comes  from  Ivigtfit,  from  a  valley  on  the  south  side  of  Arsuk 
Bay,  where  summer  lasts  three  months.  Some  of  the  mineral  is  found 
below  low-water  mark,  but  in  a  more  impure  state.  On  the  mainland 
there  is  a  bed  of  30,000  square  feet  of  white  cryolite  lying  above  impure 
mineral.  Any  mineral  containing  more  than  twenty  per  cent,  impurities 
is  rejected.     The  purest  is  ten  feet  below  the  surface;  below  fifteen  feet 
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it  becomes  very  dark,  and  at  last  almost  black ;  but  on  igniting  the  latter, 
it  also  becomes  white.  The  impurities  are  galena,  copper-pyrites, 
spatbic  iron  ore,  fluor-spar,  and  lime-spar;  the  surface  is  covered  with 
clay  and  sand.  The  working  takes  place  chiefly  from  April  to  the  end  of 
December,  and  to  a  certain  extent  even  during  the  remaining  months. — 
Lunf^e's  Sulfuric  Aeid  and  Alkali,  3,  53. 

The  cryolite  mines  of  Greenland  occurin  latitude  62°  N.,  and 
are  reached  by  vessels  through  the  Arsuk  Fiord.  This  fiord 
is  about  one  and  one  half  miles  in  width,  and  at  a  point  ten  miles 


up  the  mine  is  located.  Ninety  fathoms  from  the  shore  it  has  a 
depth  of  thirty  fathoms,  rapidly  increasing  in  depth  towards  the 
other  shore,  where  it  is  about  two  hundred  fathoms.  It  is  frozen 
from  December  until  April,  which  prevents  active  operations, 
though  about  forty  men  are  kept  at  the  mines  during  this  season 
of  the  year.  The  workmen  are  Danes,  and  every  spring  the 
steamer  "  Fox  "  brings  enough  men  to  swell  the  number  to  two 
hundred  and  fifty  people.  The  steamer  brings  all  supplies  from 
Denmark  and  this  is  the  only  source  of  food,  etc.,  upon  which 
the  workmen  can  depend,  the  freight  ves.sels  being  prohibited 
from  bartering.  The  "  Fox  "  does  tug  duty  for  the  freight  ves- 
sels and  in  the  autumn  returns  to  Denmark  with  a  portion  of  the 
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workmen.  The  boats  engaged  in  this  trade  belong  to  McKay 
and  Dix,  of  New  York,  and  are  sailing  vessels.  Their  names, 
with  the  exception  of  the  "Avigtut,'*  named  for  the  town,  and 
"Kr>'olith,'*  named  for  the  mineral,  are  derived  from  the  constit- 
uent elements  of  cr>'olite,  viz:  **Argenta,**  '* Sodium,**  '*Salina/* 
"Fluorine,**  **Iodine,**  "Silicon,**  "Alumina,**  and  "Platina." 

The  last  named  vessel  has  probably  been  lost  at  sea  in  as  much 
as  it  has  been  missing  for  some  time.  The  vessels  engaged  in 
this  trade  have  many  hardships  to  endure,  being  threatened  by 
floating  ice.  The  time  occupied  in  making  a  voyage  from  Phila- 
delphia to  the  mines  and  return  is  not  less  than  two  months  and 
sometimes  it  requires  seven  months  to  complete  the  trip.  It  is  a 
rare  thing  for  a  vessel  to  make  two  trips  in  a  season.  The  freights, 
however,  are  good  and  there  are  no  harbor  dues  in  Greenland. 

All  the  cr>'olite  is  imported  by  the  Pennsylvania  Salt  Manufac- 
turing Company  and  it  is  delivered  at  Greenwich  pier  for  which 
the  ship  company  receives  37s.  6d.  freight.  The  cost  of  a  ton  of 
cr>'olite  delivered  at  Philadelphia  is  about  $38.00.  The  Danish 
government  charges  an  export  duty  upon  the  mineral.  This  duty 
is  computed  by  one  of  their  representatives  at  the  place  of  delivery. 
The  contract  calls  for  10,000  tons  annually,  but  this  year  the 
amount  probably  will  be  but  half  this  on  account  of  the  ice.  It  is 
estimated  that  8,000  to  9,000  tons  have  been  obtained  annually 
for  the  last  twenty-eight  years.  The  value  of  the  product  im- 
ported from  1867  to  1886  inclusive  is  about  $1,700,000.  Of  the 
quantity  mined  a  portion  is  sent  to  St.  Petersburg.  The  entire 
product  is  under  the  control  of  a  company  in  Copenhagen 
although  the  Pennsylvania  Salt  Manufacturing  Company  con-  . 

trols  the  American  trade.  ' 

The  mining  of  cryolite  is  entirely  in  charge  of  Danes,  and 
the  methods  in  use  are  practically  the  same  as  were  in  vogue 
when  the  mines  were  first  worked.  The  mine  is  eighty-seven 
feet  in  diameter,  and  has  a  circumference  of  three  hundred  and 
sixty-five  feet.     It  is  ninety- two  feet  from  the  river  bank,  and  \ 

was  first  worked  at  four  feet  above  sea  level ;  it  has  now  reached 
a  depth  of  185  feet.  In  blasting,  very  small  charges  are  used. 
The  fragments  are  loaded  on  cars  of  five  tons  capacity' ;  these 
cars  are  drawn  up  an  incline  by  means  of   an  endless  chain. 
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The  cryolite  is  assorted  and  piled  in  five  heaps  upon  the  earth 
between  the  mine  and  the  shore.     The  impurities  amount  to 
twenty-  percent.     The  contract  requires  that  ninety  per  cent,  of 
the  material  shipped  shall  be  cryolite.     In  bringing  it  to  this 
state  of  purity  a  great  deal  is  lost,  in  amount  about  2,000  tons 
annually.     This  waste  material  is  used  in  making  ground  about 
the  mine  as  a  protection  against  the  fiord  and  the  water  gathered 
from  the  surrounding  mountains.     The  floods  gave  so   much 
trouble  during  the  past  season  as  to  cause  fear  of  the  necessity 
of  abandoning  the  mine.     The  causes  of  heavy  loss  in  assorting 
the  mineral  are  two  in  number :     ( i )  The  occurrence  of  im- 
purities  in   large   lumps,  which  take  with  them   considerable 
cryolite;   (2)  The  shipment  of  cryolite  by  cars  after  its  arrival 
in  America,  thus  losing  fine  particles  of  cryolite.     In  preparing 
the  mineral  for  the  vessels,  the  large  masses  of  impurities  are 
thrown  away,  and  also  the  fine  particles  of  cryolite.     If  either 
were  left  in  the  cargo  the  mineral  at  Natrona  would  have  a  per- 
centage of  impurities  higher  than  allowed.     Only  large  pieces 
of  cryolite  are  shipped.     This  method  entails  a  large  amount  of 
waste.     Although  the  consumers  are  willing  to  take  the  product 
just  as  it  comes  from  the  mine,  the  Danes  prefer  to  keep  the 
contract  as  it  stands. 

The  vein  appears  to  widen  as  the  mine  deepens.  For  the  sake 
of  safety,  on  this  account,  pillars  of  cryolite  are  allowed  to  stand  at 
intervals  of  thirty  feet ;  the  columns  are  eight  feet  in  diameter  and 
support  the  surrounding  rock.  The  vein  of  cryolite  separates 
from  the  rock  enclosing  it  with  a  clean  fracture,  so  that  its 
boundary  is  easily  distinguishable.  There  appears  to  be  no 
decrease  in  the  quantity  of  the  cryolite,  but  at  the  present  depth 
of  the  mine  the  quality  is  inferior. 

When  the  mines  are  closed  for  the  winter,  salt  water  is  run  in 
from  the  Arsuk  fiord  through  sluices  until  it  is  filled  to  about 
one-third  its  depth.  It  is  allowed  to  freeze  and  in  the  spring 
when  work  is  resumed  the  ice  is  removed  in  the  cryolite  cars  and 
the  water  pumped  out. 

When  the  cryolite  is  piled  upon  the  wharf  it  remains  until  the 
vessels  come  for  it.  Extending  from  the  land  are  floating  wharves  ; 
one  end  is  attached  to  the  rocks  in  such  a  way  that  the  other  end 
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floats  about  it  as  a  center.  These  wharves  are  three  in  number. 
It  is  over  these  that  the  men  wheel  the  cryolite  to  the  vessels. 
The  vessel  having  been  towed  into  place  by  the  **Fox",  casts 
anchor  and  also  fastens  to  the  shore  by  cables.  The  wharf  is 
fastened  and  the  loading  begins.  After  the  vesselgets  its  cargo 
it  is  towed  out  by  the  steamer. 


DETERMINATION  OF  QUININ  IN 
CINCHONA  BARKS.* 

By  J.  H,  Schmidt,  of  Soerabava. 
[Translated  from  the  orisiaal  article  published  in  Pharm.  CentralhaUe.^ 

Although  numerous  methods  have  been  published  for  the 
quantitative  determination  of  quinin  in  cinchona  barks,  they 
have  the  disadvantage  of  either  being  too  tedious  and  complicated 
or  of  yielding  unsatisfactory  results. 

The  method  for  obtaining  quinin  tartrate  free  from  color,  so  as  to 
enable  determination  of  the  quinin  by  polarization,  is  still  kept  a 
profound  secret,  and  I  would  suggest  the  following  method  which 
has  given  me  very  satisfactory  results.  Twenty  grams  of  air-dried, 
finely  powdered  cinchona  bark  are  placed  in  an  Erlenmeyer  flask 
together  with  ten  cc.  ten  per  cent,  ammonia  water,  twenty  cc. 
ninety  per  cent,  alcohol  and  170  cc.  ether,  and  the  mixture  macer- 
ated for  twenty-four  hours  with  frequent  and  active  agitation. 

100  cc.  of  the  clear  liquid  are  transferred  to  a  beaker,  twenty- 
seven  cc.  water  and  three  or  four  cc.  normal  hydrochloric  acid 
are  added,  and  the  liquid  set  aside  for  twenty-four  hours  to  allow 
spontaneous  evaporation ;  any  alcohol  and  ammonia  still  remain- 
ing in  the  liquid  are  driven  off  by  heat  on  a  water-bath  and,  if 
necessar>%  an  additional  quantity  of  normal  hydrochloric  acid  is 
added,  so  as  to  obtain  a  neutral  or  only  faintly  acid  solution.  If 
the  liquid  be  too  strongly  acid  it  should  be  neutralized  by  addition 
of  cinchonin,  but  under  no  circumstances  should  ammonia  or 
potassa  solution  be  used  for  the  purpose. 

In  case  very  high  grade  Ledgeriana  barks  are  under  examina- 
tion it  may  be  necessary  to  add  as  much  as  one  or  two  cc.  normal 
acid  additional,  so  as  to  insure  complete  solution  of  the  alkaloids. 

The  quantity  of  liquid  finally  remaining  after  evaporation  of 

♦  From  The  Pharmaceutical  Review. 
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alcohol  and  ammonia  should  not  be  less  than  fifteen  cc.  ;  greater 
concentration  and  acid  reaction  frequently  cause  decomposition. 

After  cooling,  the  liquid  is  exposed  to  the  air  for  some  time 
until  it  becomes  clear,  a  reddish  brown  coloring  matter  usually 
subsiding  ;  when  clear  it  is  filtered  and  to  the  filtrate  two  or  three 
gms.  potassium  sodium  tartrate  (Rochelle  salt)  are  added,  the 
mixture  warmed  for  fifteen  minutes  on  a  water- bath  and  set  aside 
for  twenty- four  hours.  The  precipitated  tartrates  are  separated 
by  filtration,  washed  with  as  little  water  as  possible  and  drained. 

In  order  to  make  sure  that  all  quinin  and  cinchonidin  have 
been  precipitated  as  tartrates,  the  mother  liquor  may  be  warmed 
again  with  a  small  portion  of  Rochelle  salt,  whereupon  it  should 
remain  clear. 

The  mother  liquor  and  washings  should  be  measured  and 
(according  to  Moens)  0.0008  gm.  for  each  cc.  of  the  former,  and 
0.0004  gii^-  ^or  each  cc.  of  the  latter  added  in  the  final  calcula- 
tion for  quinin. 

The  washed  tartrates  are  now  dissolved  in  water  with  the  aid 
of  hydrochloric  acid,  avoiding  a  large  excess  of  the  latter;  the 
solution  is  treated  repeatedly  with  ether  in  a  flask,  as  long  as  the 
ether  becomes  colored  and  continues  to  leave  a  residue  on  evapora- 
tion ;  by  means  of  sodium  hydroxid  solution  the  alkaloids  are 
precipitated  and  dissolved  in  ether  with  aid  of  gentle  agitation, 
the  treatment  with  ether  being  repeated  until  all  alkaloid  has 
been  brought  into  solution ;  the  ethereal  liquid  is  finally  evapora- 
ted and  the  residue  dried  to  constant  weight  at  roo°-iio°  C.  and 
weighed.  If  cinchonidin  be  present  in  the  alkaloid  it  will  be 
detected  by  the  white  cr>'stalline  powder  present  in  the  residue. 

In  order  to  ascertain  the  exact  amount  of  quinin  present,  the 
alkaloidal  residue  is  treated  with  a  saturated  solution  of  cinchoni- 
din in  ether,  which  dissolves  all  the  quinin,  but  leaves  the 
cinchonidin  unaffected.  As  far  as  known,  ether  saturated  with 
cinchonidin,  when  added  to  a  mixture  of  cinchonidin  and  quinin, 
takes  up  only  the  latter,  without  losing,  at  the  same  time,  its 
own  cinchonidin;  any  residue  so  remaining  is  then  quickly 
w^ashed  with  a  little  pure  ether  and  carefully  dried  to  constant 
weight.  The  difference  between  the  weight  of  the  final  residue 
and  that  of  total  alkaloids  first  obtained  is  calculated  as  quinin. 


SPICA'S  METHOD  FOR  THE  DETERMINATION  OF 

PHOSPHORIC  ACID.* 

By  Carl  Arnold  and  Conrad  Wedbmbyer. 

In  the  Gazz.  chim.  itaL  12,  117,  Matteo  Spica  has  proposed  a 
new  method  for  the  volumetric  determination  of  phosphoric  acid. 
This  method  is  founded  upon  the  complete  precipitation  of  phos- 
phoric acid  from  neutral  solutions  by  potassium  ferric  sulfate  as 
ferric  phosphate.  The  operation  must  be  conducted  in  the  cold, 
and  the  phosphoric  acid  solution  must  be  free  from  foreign  salts; 
salicylic  acid  is  used  as  the  indicator. 

If  potassium  ferric  sulfate  solution  is  added  drop  by  drop  to  a 
phosphate  solution  containing  the  indicator,  the  precipitate  which 
forms  has  a  violet  color  which  disappears  on  shaking.  As  the 
end  of  the  reaction  approaches,  the  coloration  becomes  more 
intense,  and  the  whole  mass  takes  a  violet  tinge,  and  so  renders 
it  difficult  to  detect  an  excess  of  ferric  alum.  Even  if  we  wait 
until  the  precipitate  settles  the  end  point  is  difficult  to  fix,  since 
the  liquid  has  the  violet  coloration  as  well.  On  boiling,  the 
coloration  disappears,  unless  a  great  excess  of  ferric  alum  is 
present.  The  difference  between  the  amounts  of  ferric  alum 
needed  in  the  cold  and  at  a  boiling  temperature  is  equal  (for 
twenty  cc.  sodium  ammonium  phosphate  solution,  of  which 
one  cc.  =0.0010  gms.  P,OJ,  to  about  two  cc.  of  a  saturated  solu- 
tion. By  several  comparative  determinations  the  equivalent 
value  of  the  ferric  alum  may  be  determined  as  compared  with 
the  easily  purified  microcosmic  salt. 

A  solution  of  orthophosphoric  acid  neutralized  with  sodium 
hydroxid  contained,  according  to  the  molybdic  acid  method  in 
four  agreeing  determinations,  6.99  percent  phosphorus pentoxid, 
according  to  Spica*s  method  in  the  cold  6.04  and  5.81  per  cent.; 
when  the  end  point  was  determined  in  a  boiling  solution  6.89 
per  cent,  phosphorus  pentoxid.  If  more  of  the  indicator  is  added 
the  end  point  is  still  more  difficult  to  determine. 

Experiments  with  other  indicators  gave  still  less  satisf acton' 
results.  To  determine  phosphoric  acid  in  Thomas  slag,  Spica 
directs  that  the  slag  be  evaporated  with  concentrated  sulfuric 
acid  and  then,  in  order  to  obtain  a  solution  free  from  iron,  alumi- 

*  Translated  from  Ztschr.  ang^ew.  Cheni.,  1893.  p.  604. 
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num  and  manganese  the  phosphoric  acid  taken  up  with  absolute 
alcohol.  This  method  of  dissolving  suffers  from  the  known  error 
that  the  separated  sulfates  contain  phosphoric  acid ;  and  only  by 
the  use  of  a  large  amount  of  alcohol  can  all  the  phosphoric  acid 
be  brought  into  solution. 

The  residue  from  five  gms.  Thomas  slag  treated  with  sulfuric 
acid  and  extracted  with  500  gms.  absolute  alcohol  was  treated 
with  nitric  and  hydrochloric  acids ;  the  phosphoric  acid  determined 
by  the  molybdic  acid  method  was  found  to  contain  0.61  per  cent. 
P,Oj.  Another  slag,  treated  in  the  same  way  but  extracted  with 
1000  grams  absolute  alcohol,  contained  0.29  PjO^  in  the  residue. 
In  consequence  of  this  unavoidable  source  of  error  on  the  one 
hand,  the  total  amount  of  phosphoric  acid  cannot  be  determined. 
On  the  other  hand,  by  slow  washing  with  alcohol  a  part  of  the 
iron  oxidizes  and  becomes  soluble  in  the  alcohol.  If  such  a 
solution  is  neutralized  the  phosphoric  acid  is  precipitated  and 
the  solution  becomes  worthless  for  the  determination.  A  Thomas 
slag  which  gave  17.88  per  cent,  phosphorus  pentoxid  as  the 
mean  of  four  determinations  by  the  molybdic  acid  method,  gave 
as  a  mean  of  eight  determinations  by  Spica's  method  16.59  per 
cent,  phosphorus  pentoxid.  A  slag  which  contained  17.63  per 
cent,  phosphorus  pentoxid  gave  by  Spica's  method  only  15.84 
per  cent,  phosphorus  pentoxid. 

Another  slag  containing,  in  mean,  9.18  per  cent.  P,Oj  gave  by 
Spica's  method  when  extracted  with  a  large  amount  of  alcohol 
8.86  per  cent,  in  mean. 

-^s  a  result  of  this  examination  the  conclusion  is  warranted 
that  the  new  process  is  scarcely  likely  to  find  its  way  into  the 
laborator>',  because  it  is  (i)  dearer,  (2)  requires  too  much  time, 
and  (3)  does  not  give  accurate  results. 


NEW  BOOKS. 

Venable's  Qualitative  Analysis.*— The  works  on  qualitative 

chemical  analysis  are  legion,  but  this  little  book,  which  Dr. 
Venable  originally  compiled   for  use   in   his  own  classes,   will 

♦A  Course  in  QualitaUve  Chemical  Analysis.  By  F.  P.  Venable.  Ph.D.,  F.  C.  S.,  Pro- 
f  es.sor  of  Chemistry  in  the  I'niversity  of  North  Carolina.  Second  edition,  pp.  53.  New 
York  :  University  Publishing  Company. 


6oo  NOTES. 

commend  itself  readily  to  the  teacher  of  the  subject  of  which  it 
treats.  The  introductory  tables  for  blowpipe  work  and  the  con- 
cluding tests  for  acids  are  especially  valuable.  Credit  is  given 
in  this  second  edition  to  Prof.  F.  P.  Dunnington,  of  the  University 
of  Virginia,  for  assistance.  Only  three  groups  of  bases  are 
recognized:  First,  those  precipitated  from  acid  solutions  by 
hydrogen  sulfid;  second^  those  not  precipitated  by  hydrogen 
sulfid  but  by  ammonium  sulfid ;  and  thirds  those  which  neither 
hydrogen  sulfid  nor  ammonium  sulfid  will  precipitate.  It  is 
perhaps  open  to  debate  whether  it  is  not  easier  to  teach  by 
dividing  into  a  larger  number  of  groups.  The  explanations  of 
chemical  reactions  are  clearly  made  and  the  general  impression 
conveyed  by  a  perusal  of  the  book  is  that  a  careful  use  of  the 
same  by  the  student  will  prove  it  to  be  what  it  was  written  for, 
*'not  an  assistance  in  mechanical  work  but  an  incentive  to 
thought  and  reflection.'*  a.  h.  w. 


NOTES. 
— E.  A.  de  Schweinitz  has  been  elected  Lecturer  on  Chemistry 
in  the  Medical  Department  of  Columbian  University,  Washing- 
ton, D.  C,  Charles  E.  Munroe,  Professor  of  Chemistry,  and 
H.  C.  Bolton,  non-resident  Lecturer  on  the  History  of  Chemistrj' 
in  the  same  institution. 

— Mr.  S.  A.  Ford,  chief  chemist  of  the  Edgar  Thomson  Steel 
Works,  at  Braddock,  has  resigned  his  position.  Ill  health  is 
ostensibly  the  cause  of  the  resignation,  and  General  Superin- 
tendent Gayley,  of  the  plant  accepted  it.  Mr.  Ford  has  held  the 
responsible  position  of  chief  chemist  for  the  past  fourteen  years. 

— Reference  was  made  in  the  August  number  of  the  Journ.\l 
(6,  422,  foot-note)  to  the  trouble  experienced  in  the  laboratory 
of  the  New  York  Tartar  Company  by  fungoid  growths  appear- 
ing in  \  sulfuric  acid.  The  normal  solution,  apparently,  was 
not  subject  to  this  decomposition.  Mr.  C.J.  Lawler,  chemist  for 
the  Royal  Baking  Powder  Company,  informed  me  recently  that  he 
had  experienced  the  same  trouble,  but  had  found  a  simple  way  of 
obviating  it,  viz.,  by  adding  a  few  drops  of  chloroform  per  liter  to 
the  freshly  made  standard  solution  of  sulfuric  acid.     a.  h.  w. 
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A  MODIFICATION  OF  SCHUTZENBERGER'S 
METHOD  FOR  DISSOLVED  OXYGEN. 

By  Augustus  H.  Gill.  Ph.D. 

N  the  course  of  the  investigation  of  the  water  sup- 
ply as  carried  on  by  the  Massachusetts  State 
Board  of  Health  during  the  winter  of  1887  and 
1888,  it  became  desirable  to  estimate  the  oxygen 
dissolved  in  the  various  waters ;  the  only  avail- 
able method  at  that  time  was  that  of  Schiitzen- 
berger,  which  was  somewhat  modified  and 
yielded  very  satisfactory  results. 

The  changes  in  apparatus  and  method  are 
briefly  these:  (i)  arrangement  of  apparatus  so 
that  the  water  can  be  measured  and  introduced  into  the  Woulff 
bottle  out  of  contact  with  air;  (2)  the  use  of  a  gentle  pressure 
of  hydrogen  to  exclude  air  from  the  Woulff  bottle  when  not  in 
use,  and  from  the  hjrposulfite  bottle  and  burette;  (3)  the  use  of 
indigo  free  from  indigo-rubin,  enabling  sufficient  indigo  to  be 
used  to  combine  with  all  the  oxygen  in  the  water  and  the  end 
point  to  be  sharply  read ;  (4)  the  titration  being  made  with  the 
same  quantities  in  the  Woulff  bottle  and  in  the  same  time.  The 
apparatus  will  be  understood  from  the  figure. 

One  neck  of  a  liter  Woulff  bottle  has  passed  through  its  stopper 
the  inlet  tube  for  hydrogen  /  and  the  siphon  s  for  emptying 
the  bottle ;  the  second  carries  the  tips  of  the  indigo  and  hypo- 
sulfite  burettes ;  the  third  holds  the  separatory  funnel  /  and 
the  outlet  for  hydrogen  0,  The  stopper  of  the  funnel  /  carries 
three  tubes,  one  of  which  is  connected  with  the  outlet  0  from 
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the  Woulff  bottle,  the  second  with  the  valve  bottle  V  serving  as 
the  final  outlet  for  hydrogen,  the  third  with  the  lower  limb  of 
the  siphon  j'. 


The  other  limb  of  this  siphon  extends  half  way  down  in  the 
bottle  of  water  to  be  analyzed;  it  is  provided  with  a  T  to  admit 
of  filling. 

Method  of  Procedure. — The  Woulff  bottle  and  funnel  are  com- 
pletely filled  with  water,  the  burettes  filled,  the  spiing-clip  ( 
closed,  and  the  cock  of  the  hydrogen  generator  and  the  spring 
clip  b  opened.  The  water  is  displaced  through  s,  and  the  whole 
apparatus  thus  filled  with  hydrogen.  The  spring-clip  b  is  now 
shut  and  c  opened,  allowing  a  slow  current  of  hydrogen  to  pass 
through  the  apparatus. 

Four  hundred  cubic  centimeters  of  the  water  to  be  tested  are 
introduced  through  the  funnel  into  the  Woulff  bottle,  the  funnel 
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re-filled  and  twenty-four  cc.  indigo  added  from  the  burette.  The 
deep  blue  color  is  now  discharged  by  cautious  addition  of  hypo- 
sulfite,  the  amount  being  noted,  until  the  pure  yellow  color  re- 
mains permanent  for  one  minute  by  the  watch.  The  two  hundred 
cubic  centimeters  in  the  funnel  are  now  run  in  and  the  blue  color 
discharged,  the  same  end  point  being  taken  as  before.  The 
difference  between  the  amount  of  hyposulfite  last  used  and  that 
previously  used,  represents  the  amount  oxidized  by  the  free 
oxygen  in  the  water. 

Close  the  spring-clip  c,  open  a  and  b^  the  water  in  the  Woulff 
bottle  will  be  forced  out  through  s  by  the  pressure  of  water  filling 
the  funnel  and  received  in  a  250  cc.  measuring  cylinder.  When 
y  is  full,  close  a  and  when  the  amount  of  water  in  the  cylinder  is 
equal  to  208  cc.,*  plus  the  amount  of  hyposulfite  added,  close  b. 
This  will  leave,  within  a  few  cubic  centimeters,  the  same  amount 
of  liquid  in  the  bottle  for  each  titration, — a  point  of  importance 
to  be  observed.  Eight  cubic  centimeters  of  indigo  are  now 
added,  and  the  liquid  decolorized,  the  end  point  being  taken  as 
above,  the  amount  of  hyposulfite  being  noted.  The  two  hundred 
cubic  centimeters  of  water  in  the  funnel  are  now  added  and  the 
titration  repeated  as  above  described.  A  mean  of  the  amounts 
of  hyposulfite  is  now  taken.  The  hyposulfite  can  be  standard- 
ized against  fully  aerated  water  as  recommended  by  Dupr6,t  or 
by  ammoniacal  copper  sulfate  solution,  according  to  SchUtzen- 
berger.J  The  aerated  water  is  prepared  by  shaking  pure  water 
in  a  shaking  machine,  renewing  the  air  in  the  bottle  by  sucking 
in  the  outside  air. 

RRSU1,TS. 

(i)  200  CC.  water  required  7.95,  8.00,  and  8.10  cc.  hyposulfite.    Average, 
8.05  cc.     I  cc.  hyposulfite  =  0.0224  cc.  oxygen,  .*.  cc.  oxygen  in  the  water 
is  8.05  X  0.0224  X  5  X  J  =  5.410  cc.    By  eudiometric  analysis  of  dissolved 
gases,  boiled  out  according  to  Reichardt*s  Method,  (^National  Board  of 
Health  Reporty  1882,  p.  284).     5.772  cc.  oxygen  were  obtained. 

(2)  200  cc.  required   7.80,  7.85,  7.85  cc.  hyposulfite.     Average,  7.84  X 
0.0224  X  J  X  5  =  5.302  cc.     By  gas  analysis,  5.365  cc. 

(3)  200  cc.  required  6.75,  6.55,  6.66,  6.62  cc.  hyposulfite.     Average,  6.65 
X  0.0224  X  J  X  5  =  4.467  cc.     By  gas  analysis,  4-4512  cc. 

•  Eight  cc.  equals  \  the  indigo  added  which  is  taken  out  by  the  200  cc.  of  water 
already  siphoned  out.  leaving  400  cc.  behind. 

t  Analyst.  10,  156.  ^Bull.  Soc.  chim.  (Paris).  20,  145. 
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The  hyposulfite  was  standardized  against  aerated  water  at  a 
known  temperature  and  ammoniacal  copper  sulfate,  identical 
results  being  obtained.  The  factor  as  recommended  by  Ramsay 
and  Williams*  was  found  to  give  a  closer  approximation  than  {  as 
recommended  by  Dupr^.t 

In  reporting  results,  if  the  plan  suggested  by  Dupr^  be  adopted, 
**in  percentage  of  possible  amount,'*  care  must  be  taken  that 
the  temperature  which  is  used  as  a  basis  be  that  of  the  river  or 
pond  a/  fke  time  of  taking  the  sample,  I  have  found  that  the 
temperature  of  imperfectly  aerated  water  can  be  raised  or  lowered 
ten  degrees  especially  when  tightly  stoppered,  without  affecting 
the  amount  of  oxygen ;  that  is,  the  absorption  or  evolution  of 
oxygen  lags  behind  the  changes  of  temperature.  Nearly  even' 
one  who  has  used  the  process,  has  recommended  covering  the 
hyposulfite  solution  with  a  layer  of  oil  to  prevent  the  absorption  of 
oxygen,  but  this  is  worse  than  useless,  as  Gniewosz  and  Walfiszt 
have  shown  that  oils  absorb  oxygen  more  readily  than  water.  S 

Potassium  pyrogalUte,  in  niiy  hands,  did  not  give  satisfactory 
results  as  a  means  of  protection  to  the  hyposulfite  solution.  I 
connected  the  top  of  the  burette  with  the  hydrogen  generator, 
siphoning  in  the  hyposulfite  at  the  bottom.  The  hyposulfite 
stock  bottle  is  also  protected  in  a  similar  manner  and  covered 
with  a  dark  cloth  to  keep  out  the  light. 

When  the  apparatus  is  not  in  use  the  spring-clip  c  is  closed, 
the  cock  of  the  hydrogen  generator  being  open,  which  keeps  a 
constant  outward  pressure  of  hydrogen  in  the  apparatus,  effect- 
ually excluding  the  air.  This  necessitates  joints  which  are 
hydrogen  tight,  and  if  rubber  stoppers  are  used  throughout  and 
wired  down  as  in  Fig.  2,  no  difficulty  will  be  experienced. 


a  An 


Fisr.  2. 

♦J.  Chem.  Soc..  69,  751, 
this  Journal,  a,  164. 


a  represents  a  brass  plate  which  is  placed 
over  the  top  of  the  cork  and  wired  down  by 
passing  around  the  neck  of  the  bottle.  If 
wired  down  after  the  manner  of  bottles  con- 
taining effervescent  drinks,  the  pressure  of 
the  wire  causes  the  rubber  to  spread  at  b 
and  a  leak  ensues. 

t  loc.  cit.       X  Ztschr.  f tir  phys.  Chem..  i,  70.       f  See  also 
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If  a  funnel  cannot  be  procured  which  delivers  exactly  200  cc. , 
one  slightly  larger  may  be  used,  and  made  to  deliver  exactly  that 
amount  by  dropping  in  an  Erdraann's  float,  or  bits  of  glass  tubing 
until  the  requisite  amount  of  water  has  been  displaced  by  these 
articles. 

The  Woulff  bottle  and  hydrogen  generator  may  be  conveniently 
placed  on  a  shelf  attached  to  the  wall  of  the  laboratory,  a  higher 
shelf  being  provided,  upon  which  are  the  indigo  and  hyposulfite 
stock  bottles  connected  by  siphons  with  the  burettes. 

Preparation  of  Indigo  Soluiion. — Dissolve  eight  grams  sublimed 
indigotin,  which  has  been  treated  with  ninety  per  cent,  alcohol 
until  free  from  indigo-rubin,  shown  by  giving  little  or  no  color 
to  the  alcohol,  (the  indigo-rubin  masks  the  end  point),  in  120 
grams  strong  sulfuric  acid.  The  sulfindigotic  acid  is  salted  out, 
brought  upon  a  filter,  and  washed  with  a  little  salt  solution.  It 
is  now  dissolved  in  two  liters  of  water,  made  faintly  alkaline 
with  sodium  carbonate  or  hydrate,  and  filtered. 

Hyposulfite  Solution. — Dissolve  ten  grams  of  the  commercial 
** bisulfite  of  soda'*  in  a  liter  of  water,  saturate  with  sulfurous 
acid,  and  treaf  in  the  usual  way  with  zinc. 

The  hydrogen  is  best  prepared  from  zinc  and  sulfuric  acid,  and 
should  be  passed  through  a  strong  solution  of  hyposulfite,  Strong 
sulfuric  acid,  and  over  stick  potash.  The  exit  tube  should  be  pro- 
vided with  a  valve  to  prevent  water  being  forced  into  the  potash. 

The  writer  is  well  aware  that  almost  the  same  modification  of 
this  method  was  published  by  Roscoe  and  Lunt  in  the  Journal 
of  the  London  Chemical  Society,  August,  1889,  but  would  say  that 
the  manuscript  from  which  this  article  is  printed,  was  in  its  pres- 
ent form,  ready  for  publication  in  June,  1888,  a  full  year  before 
the  appearance  of  the  article  to  which  reference  is  made.  The 
statement  made  with  reference  to  the  ** lagging  behind*'  of 
oxygen  was  deemed,  however,  insufficiently  substantiated,  and 
owing  to  absence  abroad  the  necessary  experiments  could  not  be 
made  until  recentlv. 


UPON  THE  DIFFICULTY  WITH  WHICH  WATER 
PARTS  WITH  ITS  DISSOLVED  OXYGEN. 

By  augstus  H.  Gill,  Ph.D. 

In  the  preceding  article,  attention  has  been  called  to  the 
'* lagging  behind**  of  oxygen,  or  the  difficulty  with  which  it 
leaves  nearly  saturated  solutions  when  they  are  heated  con- 
siderably above  the  saturation  point ;  this  paper  considers  the 
subject  more  in  detail. 

As  is  well  known,  with  a  saturated  solution  of  a  solid,  a 
depression  of  the  temperature  causes  its  almost  immediate  pre- 
cipitation, more  especially  if  it  be  shaken,  or  particles  of  the 
same  are  in  contact  with  it ;  with  gases,  the  molecules  of  which 
are  so  free  to  move,  one  would  suppose  the  same  phenomena 
would  occur,  except  with  greater  ease  and  rapidity,  as  Ostw'ald 
says,  **by  rise  in  temperature  liquids  are  completely  freed  from 
dissolved  gases.'*  This,  however,  takes  place  ver>'  slowly,  as  is 
shown  by  the  following  experiments. 

Method  of  Procedure, — The  calibrated  bottles  holding  about 
250  cc.  were  filled  from  the  laboratory  tap  by^a  rubber  tube 
passing  to  the  bottom  of  the  bottle,  the  water  being  pre\aously 
allowed  to  run  for  some  time  to  ensure  a  representative  sample. 
In  taking  this  sample,  a  quantity  of  water  was  allowed  to  run 
sufficient  to  fill  the  bottle  about  sixteen  times.  The  temperature 
was  taken  by  placing  a  delicate  thennometer  in  the  bottle  while 
it  was  being  filled.  The  method  followed  for  the  determination 
of  oxygen  was  that  of  L.  W.  Winkler.*  After  being  drawn, 
some  of  the  bottles  were  left  standing  open  in  the  room,  the 
temperature  of  which  was  22°,  and  others,  also  open,  placed  in 
the  water  bath  at  30°. 


SERIES 

I. 

Time  of 

Oxygen. 

5  basis 

4  basis 

<  basis 

heating. 

T 

enip.,  'C. 

9 

cc. 
6.760 
6.822 
6.832 

of  9'. 

83.87 

84.60 

84.73 

of  22". 

of  30'. 

7  hours 

22 

6.530 

80.98 

106.8 

24      •* 

22 

6.249 

7750 

102.2 

4      " 

30 

6.540 

81.13 

124.5 

♦Ber.  d.  chem. 

Cos. 

.  ai,  2843. 
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By  heating  then  four  hours  to  30**,  the  water  was  still  super- 
saturated, less  than  four  per  cent,  of  oxygen  being  given  off ;  this 
was  even  less  than  was  given  off  by  heating  seven  hours  to  22°, 
it  requiring  twenty-four  hours  to  bring  it  down  to  the  point  of 
saturation. 

In  Series  II  the  oxygen  seemed  to  leave  the  water  even  more 
slowly,  6^  hours  exposure  at  30°  causing  a  loss  of  but  about  six 
per  cent.,  and  forty-eight  hours  exposure  at  22°  causing  but  2.3 
per  cent.  loss. 

SERIKS  II. 


Time  of 
heatin^T- 

Temp.,  "C. 

Oxygen, 
cc. 

9  basis 
of  9". 

<(  basis 
of  22". 

4  basis 
of  5o'. 

9 

'6.823 
7.016 

6.955 

84.61 

87.02 

'     86.26 

B  hours 

22 

6.639 
6.832 

82.33 
84.72 

108.6 
III.8 

J  " 

30 

6.528 
6.416 

80.76 
79.58 

124.3 
1 22. 1 

The  foregoing  experiments  were  performed  with  eighty-five  per 
cent,  aerated  water;  ninety-two  per  cent.,  as  might  be  expected, 
gives  up  the  oxygen  rather  more  slowly  as  the  following  series 
indicates : 

SERIES  III. 
Time  of  heating.     Temp.,  *  C. 


24  hours 


48 


7i 


it 


(( 


5.9 


22 


22 


33 


O^cygen,  cc. 

^  basis  of  5.9*. 

i  basis  of  22*. 

f  8.031 

92.33 

1  8.071 

92.80 

7.772 

89.32 

127.2 

7.643 

87.86 

125.0 

f  7.088 

81.47 

I16.O 

(7.083 

81.42 

II5.8 

(7.451 

85.65 

1  7.405 

85.22 

The  results  of  this  experiment  confirm  the  observations  made 
in  the  winter, — ^that  the  waters  then  received  being  cold  and 
nearly  saturated,  hold  on  to  the  oxygen  very  tenaciously. 

To  ascertain  if  the  shape  of  the  vessel  exercised  any  influence 
upon  the  rapidity  with  which  the  oxygen  was  given  off,  experi- 
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ments  were  made,  using  bottles  with  necks  one  and  one  half 
inches  in  diameter  instead  of  half  an  inch.  The  water  was 
exposed  for  twenty-four  hours  at  22°. 


Perccntagrc  of 

Bottles  with 

Bottles  with 

aeration. 

i|  inch  neck. 

4  inch  neck. 

89.39 

83.04 

88.79 

89.99 

83.85 

89.00 

92.33 

79-37 

87.86 

92.80 

These  show,  as  was  expected,  that  the  greater  the  surface^  the 
more  rapidly  the  oxygen  leaves  the  liquid,  making  a  diflFerence 
of  about  five  per  cent. 

The  results  given  in  these  experiments  do  not  indicate  par- 
ticularly closely  agreeing  determinations,  by  no  means  within 
the  limit  of  accuracy  of  the  method.  This  is  due  to  the  fact 
that  it  is  well-nigh  impossible,  even  after  the  water  has  been 
allowed  to  run  from  ten  to  fifteen  minutes,  to  draw  consecutive 
samples  of  water  that  are  of  the  same  composition,  Mr.  F.  S. 
Hollis,  one  of  the  water  analysts  of  the  city  of  Boston,  has 
observed  this  same  fact,  and  collects  the  samples  by  allowing 
the  water  to  run  through  a  J  tube  into  each  bottle.  In  the  fol- 
lowing series,  the  bottles  were  all  filled  from  the  same  large  bottle 
of  water,  the  contents  of  which  had  been  thoroughly  mixed. 

Time  of  Oxygen.  <  basis  <i  basis  <  basis 

heating.       Tenip..'C.  cc.  of  ii*.  of  m*.  of  30'. 

6.409  84.34 

6.396  83.16 

6.396  83.16 

6.376  82.89 
24  hours             22             6.250  102.3 

^  5-255  100.2 


II 


30      *•  12 


[  5.297 


100.8 


This  shows  a  much  better  agreement  of  the  results  among  them- 
selves than  those  of  series  I,  II,  and  III,  and  substantiates  the 
conclusions  there  drawn. 

That  water  as  regards  oxygen  contents  does  undergo  changes 
in  the  pipes,  is  well  shown  in  the  following  series ;  during  the 
night,  there  had  been  very  little  drawn ; "  it  was  allowed  to  run  for 
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five  minutes,  and  samples  taken  consecutively  at  five  different 
times. 


Temp., 

^of 

Temp.. 

^of 

Time. 

•c. 

aeration. 

Time. 

'C. 

aeration 

9.02  A.  M. 

27.5 

46.73 

9.07       " 

7.5 

80.86 

9.37  A.  M. 

5.5 

82.31 

9.17       " 

6.0 

80.30 

10.07       " 

5.5 

83.80 

Another  experiment  showed,  after  the  water  had  been  running 
fifteen  minutes,  89.4  per  cent,  aeration,  after  running  thirty  min- 
utes 92.5  per  cent.  This  would  indicate  that  the  composition  of 
a  water,  coming  through  any  considerable  distance  of  small  pipe, 
as  regards  oxygen  contents,  is  not  constant  until  perhaps  200 
liters  have  been  drawn,  or  it  has  been  allowed  to  run  from  a  half 
inch  faucet  for  half  an  hour. 
The  results  of  the  foregoing  experiments  would  indicate : 
(i)  The  necessity  of  knowing  the  initial  temperature  of  a 
water  in  order  to  report  '* percentage  of  saturation.'' 

(2)  That  a  water  can  be  heated  lo**  above  its  saturation  point 
for  twenty-four  hours — in  some  cases  forty-eight  hours — ^without 
entirely  giving  up  the  excess  of  oxygen ;  this  takes  place  with 
greater  rapidity  from  a  wide  mouthed  vessel. 

(3)  That  it  is  impossible  to  draw  two  consecutive  samples  of 
water  from  the  same  faucet  with  exactly  the  same  oxygen  con- 
tents. This  variation  is  undoubtedly  due  to  changes  of  pressure 
in  the  pipe  system ;  possibly  this  statement  may  be  true  of  other 
constituents. 

Massachusetts  Institute  of  Technoix)gy, 
Laboratory  of  Sanitary  Chemistry  and  Gas  Analysis, 

November.  189a. 


ON  THE  DETERMINATION  OF  WATER  AND  OF 
FREE  FATTY  MATTER  IN  SOAP.* 

By  J.  Arthur  Wilson. 

The  usual  method  of  determining  water  in  soap  by  drying  a 
weighed  quantity  of  the  sample,  cut  into  thin  shavings,  at  in- 
creasing temperatures  up  to  no**  C,  does  not  give  the  most 
accurate  results,  and,  besides,  is  frequently  very  tedious.  Watson 
Smith's  modification   has  in   my   hands  not  been   successful, 

•  Chcm.  News.  66,  200. 
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especially  with  highly  watered  soaps.  The  free  fatty  matter  is 
also  very  frequently  considerably  in  error  when  done  by  the  old 
process,  especially  when  extraction  is  continued  for  only  four 
hours. 

By  the  methods  to  be  now  described,  the  time  required  for 
both  determinations  is  materially  shortened  and  greater  accuracy 
obtained. 

Water  Determination, — About  2.5  g^s.  of  the  sample  is 
weighed  out  in  a  thin  flat-bottomed  porcelain  dish,  three  inches 
diameter  and  0.5  inch  deep  (such  as  are  used  for  total  solids  in 
milk  analysis).  It  is  gently  melted  and  five  cc.  of  absolute 
alcohol  added,  and  the  dish  warmed  on  the  water  bath  till  soap 
is  dissolved ;  whereupon  about  ten  gms.  of  ignited  sand  is  added 
and  incorporated  with  the  dissolved  soap ;  the  dish  is  afterwards 
placed  on  the  water  bath  for  one  hour.  Five  cc.  of  absolute 
alcohol  is  then  poured  over  the  sand,  then  the  dish  is  placed  in 
the  air  bath  at  ioo°-i05°  C.  till  constant  weight  is  attained. 
With  ordinary  soaps,  and  the  use  of  the  improved  air-bath,  this 
will  be  in  about  three  hours ;  whilst  highly  watered  soaps  require 
about  five  or  six  hours. 

determination  of  Free  Fat, — The  residue  from  the  water 
determination  is  ground  up  in  a  glass  mortar,  and  transferred  to 
the  Soxhlet  tube,  and  exhausted  with  re-distilled  petroleum  ether ; 
two  hours  being  sufficient  under  these  conditions.  The  Soxhlet 
tube  should  have  a  mercury  seal  and  ground  joints  in  place  of 
corks. 

Modifications. — If  the  sample  contains  free  caustic  alkali  (easily 
seen  by  dropping  a  little  phenol-phthalein  on  a  clean  surface  of 
the  sample),  the  residue  from  the  water  determination  cannot 
be  used  for  the  determination  of  the  free  fat,  on  account  of  the 
saponification  of  the  latter  by  the  free  alkali.  In  such  a  case, 
the  ordinary  method  of  determining  the  water  is  adopted,  but  it 
is  not  necessary  to  prolong  the  drying  more  than  four  hours. 
The  dry  residue  is  then  ground  up  with  ten  grams  of  sand,  trans- 
ferred to  the  Soxhlet,  and  exhausted  as  before. 

The  improved  process  for  free  fat  determination  gives  higher 
results  for  the  same  reason  that  the  paper  coil  and  plaster  processes 
do  in  milk  analysis. 


NOTE  ON  THE  DETECTION  OF  BROMIN,    CHLORIN, 
AND  lODIN  IN  THE  SAME  MIXTURE. 

By  F.  p.  Dunnington. 

In  the  article  of  Mr.  Lyman  F.  Kebler  (this  Journal  6,  569) 
upon  this  subject,  he  gives  a  resume  of  the  methods  employed 
and  alludes  to  the  necessity  of  employing  soluble  haloid  salts  for 
the  most  satisfactory  of  the  processes. 

For  some  years  I  have  with  satisfaction  used  a  method  which 
I  have  recently  put  in  print  in  the  second  edition  of  Professor 
F.  P.  Venable's  Qualitative  Analysis^  1892,  page  46.  It  is  as 
follows :  From  a  solution  acidified  with  nitric  acid  precipitate  the 
silver  salts  of  these  acids  with  silver  nitrate  solution;  having 
filtered  off  and  washed  this  precipitate,  treat  it  in  a  test  glass 
with  a  few  drops  of  very  dilute  sulfuric  acid  and  a  bit  of  zinc ; 
when  the  dark  spongy  mass  of  metallic  silver  is  formed,  pour  off 
the  solution  of  the  zinc  salts  and  examine  it  for  iodid,  bromid, 
and  chlorid  by  the  method  of  Professor  Edward  Hart. 

UNIVERSITI'  of  ViROlNIA,  DKC,  1892. 


SULFUR   IN   COAL  AND   COKE:    RESULTS   BY 

ESCHKA^S   METHOD   VS.   THOSE   BY 

HUNDESHAGEN'S  METHOD.* 

By  Jas.  O.  Hakdy. 

Eschkd* s  Method  (Pittsburgh  Testing  Laboratory  practice). 
One  gram  fine  coal,  one  gram  pure  magnesia  (Baker  and 
Adamson's),  and  one-half  gram  C.  P.  sodium  carbonate  (Baker 
and  Adamson*s),  are  mixed  thoroughly  and  heated  in  a  lOO  cc. 
platinum  dish,  over  a  Bunsen  burner.  Begin  with  the  flame 
just  touching  the  dish.  Raise  the  heat  gradually  so  that  in  fifteen 
minutes  the  dish  is  red  hot.  Stir  frequently  with  a  platinum 
wire,  until  the  carbon  has  burned  away.  Allow  to  cool.  Brush 
the  contents  off  the  dish  into  a  200  cc.  beaker,  add  100  cc.  of 
water,  15  cc.  of  brorain  water,  and  boil  for  five  minutes.  Filter 
and  wash  well  with  hot  water.     Make  the  filtrate  up  to  250  cc, 

•  Read  before  the  chemical  section  of  the  Rngrineers'  5>ocicty  of  Western  Pennsylvania. 
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add  hydrochloric  acid  until  just  acid  and  boil  off  the  bromin ; 
precipitate  with  barium  chlorid  as  usual.  BaSO,  X  0.13756  =  8. 
No  sulfur  has  been  found  in  Baker  and  Adamson*s  magnesia  or 
sodium  carbonate  and  no  correction  is  required. 

This  method  has  been  used  by  us,  essentially  in  the  present 
form,  for  the  past  four  years,  and  has  given  satisfaction. 

Hundeshagen' s  Method  (^s  described  in  this  Journal,  6,  No.  7, 
p.  385)  is  essentially  as  follows :  One  gm.  coal  and  two  gms.  of 
a  mixture  of  two  parts  pure  magnesia  and  one  part  pure  potas- 
sium carbonate  are  placed  in  a  platinum  dish  and  mixed.  The 
remaining  operations  are  practically  the  same  as  described  above 
under  Eschka*s  method. 

In  our  experiments  on  samples  of  coal  from  different  sources, 
we  obtained  the  same  results  by  the  Eschka  method  and  the 
Hundeshagen  method.  We  noticed  no  greater  rapidity  of  burn- 
ing in  the  Hundeshagen  than  in  the  Eschka  process. 


COMPARISON  OK   KSCHKA 

AND  HUNDESHAGEN 

PROCESSES. 

Sulfur  in  Coal. 

';  Fixed 

<;  Volatile 

H  Sulfur. 

Number. 

Source. 

Carbon. 

Matter. 

K.  proc. 

H.  proc. 

IOI70 

Westmoreland  Co., 

55.18 

3340 

1. 17 

1. 19 

10516 

Pittsburgh  vicinity 

5292 

30.90 

1.66 

1.67 

105 1 7 

it                ( t 

57-37 

31.02 

'.77 

1.77 

8825 

Unknown 

48.83 

35-88 

6.185 

6.190 

9394 

Chartiers 

54.48 

36.30 

1.268 

1.266 

9395 

Youghiogheny 

54.46 

35.32 

1.948 

1.952 

Sulfur  in  Coke, 
Sample  No.  10300,  sulfur,  E.  proc.,  1.86  per  cent. ;  H.  proc.,  1.86  per  cent. 

These  experiments  effectually  disprove  Hundeshagen*s  asser- 
tion that  sodium  carbonate  in  the  Eschka  mixture,  is  not  as 
efficient  in  retaining  the  sulfur  of  certain  coals  as  is  the  potas- 
sium carbonate  in  his  mixture.  It  may  be  that  none  of  the 
samples  of  coal  which  we  examined,  contained  any  sulfur  in 
organic  combination.  It  is  hardly  probable  that  such  was  the 
case. 

It  is  certain  from  our  experiments,  that  the  compounds  of 
sulfur  with  the  bases  in  the  Eschka  method  are  as  stable  when 
heated,  as  are  those  formed  in  the  Hundeshagen  method. 


A  VOLUMETRIC  METHOD  FOR  THE  DETERMINA- 
TION OF  LEAD.* 

By  F.  C.  Kkight. 

A  technical  method  for  the  volumetric  determination  of  lead, 
requiring  but  an  ordinary  amount  of  manipulation  and  occupy- 
ing a  short  space  of  time,  has  long  been  desired.  A  number  of 
such  methods  have  been  suggested  from  time  to  time  that  prom- 
ised more  or  less  success.  Of  these  there  are  but  two  which 
give  results  that  are  sufl&ciently  accurate  even  for  technical  work, 
a  brief  outline  of  which  will  be  given. 

The  first,  which  is  the  more  practical,  consists  of  neutraliz- 
ing the  nitrate  of  lead  solution  with  ammonia  or  carbonate  of 
ammonia,  then  adding  an  excess  of  acetate  of  sodium,  and  effect- 
ing the  titration  with  a  standardized  solution  of  bichromate  of 
potassium,  the  end  reaction  being  indicated  by  a  red  coloration 
on  bringing  a  drop  of  the  lead  solution  in  contact  with  a  drop  of 
a  neutral  solution  of  nitrate  of  silver.  With  careful  manipula- 
tion this  process  yields  good  results.  The  greatest  objection  to 
be  brought  against  the  method  is  the  uncertainty  of  the  complete 
precipitation  of  the  lead  as  the  chromate  if  special  precautions 
are  not  observed ;  the  length  of  time  involved  in  the  process,  and, 
finally,  the  ease  with  which  the  end  point  of  the  reaction  can  be 
overstepped. 

The  other  method  consists  in  precipitating  the  lead  as  carbon- 
ate from  its  solution,  dissolving  the  precipitate  in  a  measured 
quantity  of  normal  nitric  acid,  to  which  then  a  neutral  solution 
of  sulfate  of  sodium  is  added.  The  sulfate  of  lead  is  precipitated 
and  an  equivalent  amount  of  nitrate  of  sodium  formed.  The 
free  nitric  acid  is  subsequently  determined  with  a  normal  alkali 
solution,  the  lead  percentage  being  calculated  from  the  observed 
difference  between  the  original  amount  of  nitric  acid  used,  and 
that  found  to  be  still  free.  This  plan  requires  the  lead  solution 
to  be  quite  free  from  other  elements,  for  which  special  precau- 
tions are  necessary,  and  the  length  of  time  involved  in  the  opera- 
tions quite  unfits  the  process  for  technical  laboratories. 

*  Read  before  the  Colorado  Scientific  Society.  Nov.  7.  1892.    Communicated  by  the 
author. 
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There  is  another  method  which  has  been  lately  described, 
which,  while  not  volumetric,  appears  to  offer  great  advantages 
over  the  preceding  ones.  It  consists  in  dissolving  the  sulfate  of 
lead  in  an  ammonium  chlorid  solution,  and  precipitating  the  lead 
from  the  same  in  the  metallic  form  by  means  of  sheet  aluminum, 
the  lead  finally  being  weighed.  The  results  appear  to  be  very 
accurate.  The  existing  prejudice  in  technical  laboratories 
against  any  method  which  involves  a  gravimetric  determination 
will,  however,  operate  as  a  bar  against  its  general  introduction 
if  a  method  equally  as  accurate,  or  sufficiently  so  for  all  purposes, 
but  volumetric,  can  be  found. 

The  method  about  to  be  described  is  offered  in  the  hope  that 
it  will  meet  the  required  conditions.  It  is  ba.sed  on  the  forma- 
tion of  oxalate  of  lead,  the  decomposition  of  this  salt  by  sulfuric 
acid,  the  determination  of  the  liberated  oxalic  acid  by  perman- 
ganate of  potassium  solution,  and  the  calculation  of  the  lead 
percentage  from  the  amount  of  oxalic  acid  with  which  it  was 
originally  combined. 

It  is  not  claimed  that  the  idea  on  which  this  scheme  is  founded 
is  new ;  in  fact,  a  method  along  similar  lines  was  proposed  by 
Hempel,  it  being  also  stated  by  him  that  the  results  obtained 
were  not  absolutely  accurate  ownng  to  the  solubility  of  the  oxalate 
of  lead,  which  error,  however,  could  be  reduced  to  within  the 
limits  of  one  per  cent,  by  careful  manipulation. 

Fresenius,  in  discussing  the  solubility  of  oxalate  of  lead  in 
water,  states  it  to  be  distinctly  greater  than  that  of  sulfate  of 
lead,  the  solubility  being  still  further  increased  by  the  presence 
of  ammonia  and  ammonium  salts. 

A  large  number  of  experiments,  instituted  for  the  purpose  of 
determining  how  the  solubility  of  the  oxalate  of  lead  in  water 
could  be  overcome,  showed  eventually  that  while  it  could  not  be 
entirely  nullified,  it  could  be  reduced  to  its  minimum  by  effect- 
ing the  precipitation  from  an  aqueous  solution  of  the  lead  salt 
containing  about  an  equal  bulk  of  ninety-five  per  cent,  alcohol, 
only  the  slightest  traces  of  lead  remaining  in  solution  under  such 
a  condition.  Further  experiments  demonstrated  that  the  pre- 
cipitation was  equally  complete  in  the  presence  of  free  acetic 
acid  which  had  been  added  to  the  alcoholic  solution. 
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To  a  neutral  solution  of  nitrate  of  lead  measuring  about  twenty 
cc,  an  equal  volume  of  ninety-five  per  cent,  alcohol  and  five  cc. 
strong  acetic  acid  were  added,  and  the  lead  precipitated  by 
oxalic  acid.  The  precipitate  was  filtered,  well  washed  with  hot 
water,  and  the  filtrate  saturated  with  hydrogen  sulfid  gas.  A 
slight  brown  coloration  was  noticed  in  the  course  of  time,  but  a 
precipitate  of  sulfid  of  lead  failed  to  appear  even  after  the  solution 
had  stood  for  several  days. 

This  experiment  was  repeated  a  number  of  times  with  the 
same  result,  giving  thus  the  assurance  that  the  error  due  to  the 
excessively  slight  solubility  of  the  oxalate  of  lead,  under  condi- 
tions formulated,  would  not  act  as  a  disqualification  of  a  techni- 
cal method  which  was  based  on  its  use. 

The  oxalate  of  lead  precipitated  from  cold  alcoholic  solutions 
comes  down  as  a  hea\^  white  flocculent  precipitate,  which  set- 
tles quickly  on  agitating  the  solution  either  by  stirring  or  shak- 
ing, leaving  the  supernatant  liquid  perfectly  clear.  From  heated 
solutions  the  precipitate  falls  as  a  brilliant  crystalline  powder. 
The  composition  of  the  salt  is,  however,  in  both  cases  the  same, 
its  formula  being  PbCjO^,  containing  70.18  per  cent,  of  lead. 

The  crystalline  precipitate  filters  rapidly  and  is  easily  washed  ; 
the  flocculent  variety  becomes  reduced  in  bulk  and  crystalline  on 
being  washed  with  hot  water.  It  is  advisable  to  precipitate  the 
oxalate  from  the  solution  which  has  been  heated  to  65''  C. 

Pure  lead  having  been  prepared  by  reduction  from  C.  P.  acetate 
of  lead,  freeing  the  regulus  from  mechanical  impurities  and  roll- 
ing it  into  thin  sheet  lead,  varying  quantities  were  weighed  out 
to  determine  the  accuracy  of  the  method  under  consideration. 

The  standard  of  the  permanganate  of  potassium  solution  contain- 
ing 1.58  g^ams  of  KMnO^  to  the  liter  was  established  as  follows : 
3.65  grams  C.  P.  crystallized  oxalic  acid  were  dissolved  in  500 
cc.  distilled  water,  from  which  three  separate  portions  of  twenty- 
five  cc.  each  were  taken,  five  cc.  concentrated  sulfuric  acid  added, 
and  the  titration  performed  with  the  previously  prepared  per- 
manganate solution.     There  were  used  in  : 

Kxperitnent  Oxalic  acid,  cc.  Cryst.  oxalic  acid,  gm.  KMn04,  cc. 

1  25       .  0.1825  58.30 

2  25  0.1825  58.35 

3  25  0.1825  58.40 
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Making  an  average  of  58.35  cc.  of  permanganate  solution  used, 
or  one  cc.  KMnO^  solution  =  0.003 127  gram  C,H,0„2H,0, 
from  which  by  the  simple  stoichometrical  calculation,  one  cc. 
KMnO^  solution  =  0.00513  gram  lead,  in  the  form  of  oxalate. 

The  standard  being  established,  a  portion  of  lead  was  weighed 
out  and  dissolved  in  three  cc.  concentrated  nitric  acid,  diluted 
with  ten  cc.  hot  water  and  carbonate  of  sodium  in  slight  excess 
added.  The  precipitate  was  dissolved  by  the  addition  of  five  cc. 
strong  acetic  acid,  twenty  cc.  of  ninety-five  percent,  alcohol  being 
then  added  to  the  solution.  This  was  heated  to  65°  C.  and  the 
lead  precipitated  by  adding  ten  cc.  of  a  saturated  solution  of 
oxalic  acid,  the  precipitate,  after  settling,  being  filtered  and 
thoroughly  washed  with  hot  water.  The  lead  oxalate  was  now 
rinsed  from  the  filter  into  a  beaker,  fifty  cc.  hot  w^ater  and  five 
cc.  concentrated  sulfuric  acid  added.  The  solution  was  wanned 
to  about  65°  C.  and  the  titration  on  the  freed  oxalic  acid  effected. 
Ten  determinations  were  made,  the  results  being  : 


Weight  of          I 

CMnOf  used 

Weight  of 

Per  cent. 

:p.  No. 

lead  taken,  srm. 

cc. 

lead  found. 

obtained. 

4 

0.05392 

10.4 

0.05335 

98.94 

5 

O.IOI50 

19.7 

O.IOIO6 

99.56 

6 

0.15266 

29.7 

0.15236 

99.80 

7 

0.20878 

40.6 

0.20827 

99.75 

8 

0.25540 

49.7 

0.25496 

99.82 

9 

0.30016 

58.5 

0.30010 

99.97 

10 

0.35204 

68.6 

0.35191 

99.96 

II 

0.40290 

78.4 

0.40219 

99.82 

12 

0.45252 

88.2 

0.45246 

99.98 

'3 

0.49876 

97.1 

0.49812 

99.89 

The  average  percentage  obtained  being  99.749. 


In  order  to  establish  comparisons  on  a  basis  which  would  be 
of  greater  value,  in  that  the  determinations  would  be  made  under 
conditions  necessary  in  the  carrying  out  of  the  method  on  ores 
and  ^netallurgical  products,  another  series  of  experiments  was 
instituted,  the  lead  taken  for  the  analysis  being  brought  into  the 
solution,  and  reconverted  into  metallic  lead,  from  which  point  on 
the  process  was  as  above  described. 

The  precipitate  of  metallic  lead  from  hydrochloric  acid  solu- 
tions was  found  to  be  easily,  as  well  as  completely  effected  by 
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means  of  pure  granulated  zinc,  the  article  used  having  been  made 
by  Merk,  the  granules  being  of  a  diameter  small  enough  to  allow 
them  to  pass  through  a  screen  containing  thirty  meshes  to  the 
linear  inch.     Investigation  proved  it  to  be  free  from  lead. 

Dilute  hydrochloric  acid  has  no  action  whatever  on  metallic 

lead,  and  even  boiling  concentrated  hydrochloric  acid  scarcely 

attacks  it.     From  dilute  solutions  of  pure  sulfate  of  lead  in  hydro- 

/  chloric  acid  granulated  zinc  precipitates  the  lead  quickly  as  a 

sponge,  which  is  easily  washed. 

The  lead  taken  for  the  following  experiments  was  dissolved  in 
five  cc.  concentrated  nitric  acid,  tencc.  concentrated  sulfuric 
acid  added,  and  evaporated  until  the  sulfuric  acid  fumes  appeared. 
To  the  mass,  when  cool,  water  was  added  and  the  sulfate  of  lead 
filtered  off,  washed  first  with  hot  water  acidified  with  sulfuric 
acid,  and  finally  with  hot  water  alone.  The  sulfate  of  lead  was 
then  rinsed  off  the  filter  into  a  beaker,  three  ccv  concentrated 
hydrochloric  acid  added,  and  enough  water  to  bring  the  bulk  to 
about  100  cc.  The  solution  was  boiled  until  the  whole  of  the 
sulfate  of  lead  was  dissolved  and  two  grams  of  pure  granulated 
zinc  added.  After  an  action  of  five  minutes,  an  additional  0.50 
gram  of  zinc  was  introduced  and  the  solution  again  brought  to 
the  boiling  point  when  ten  cc.  more  of  concentrated  hydrochloric 
acid  were  added.  In  a  few  minutes  all  of  the  zinc  had  dissolved. 
The  solution  was  decanted  from  the  lead  sponge,  the  latter 
washed,  re-dissolved  in  nitric  acid  and  the  precipitation  as  oxalate 
made  as  before  described.     The  results  were : 


Weight  of  • 

KMn04  used. 

Wcigrht  of 

Per  cent 

Exp.  No. 

lead  taken,  gm. 

cc. 

lead  found. 

obtained 

14 

0.22150 

42.9 

0.22007 

9976 

15 

O.21134 

40.9 

0.20981 

99.32 

i6 

0.20756 

40.2 

0.20632 

99.39 

17 

0.16683 

32.5 

0.16672 

99.94 

The  average  percentage  obtained  being  99.60. 

It  has  been  mentioned  that  when  pure  sulfate  of  lead  in  hydro- 
chloric acid  solutions  is  precipitated  with  granulated  zinc  it 
comes  down  in  a  coherent,  spongy  mass.  This  is,  however,  not 
the  case  when  certain  impurities  are  associated  with  the  pre- 
cipitate, notably  bismuth,  a  not  uncommon  constituent  of  our 
Western  ores. 


6l8  DETERMINATION   OF   LEAD   VOLU METRICALLY. 

When  the  sulfate  of  lead  is  impure,  the  precipitated  lead  comes 
down  in  separate  pieces  which  are  with  difficulty  made  to  cohere, 
or  the  complete  precipitation  may  even  be  prevented.  The  pres- 
ence of  bismuth  especially  is  likely  to  prove  vexatious  and  \ntiate 
correct  results  if  proper  precautions  for  its  total  elimination  from 
the  sulfate  of  lead  are  not  taken.  The  deportment  of  bismuth 
in  solutions  is  so  interesting  that  a  mention  of  its  behavior,  where 
it  exists  as  sulfate,  may  be  of  interest. 

L.  Laurent  observes  that  there  exist  two  sulfates  of  bismuth, 
the  one  soluble  and  the  other  insoluble  in  water.  If  bismuth  be 
dissolved  in  boiling  nitric  acid  and  sulfuric  acid  added  to  the 
solution,  there  is  at  times  an  abundant  precipitate  produced,  and 
at  others  none  whatever.  The  precipitate  may  be  easily  soluble 
in  small  quantities  of  water  and  again  remain  entirely  insoluble, 
no  matter  how  large  an  amount  of  water  be  used.  These  phenom- 
ena are  dependent  upon  the  relative  amounts  of  free  sulfuric  acid 
present  when  the  sulfate  of  bismuth  is  formed,  and  the  tempera- 
ture of  the  solution.  If  sulfuric  acid  be  added  to  a  cold  solution 
of  nitrate  of  bismuth,  care  being  taken  to  prevent  the  mixture  from 
becoming  heated,  no  precipitate  will  be  produced.  If  an  excess 
of  sulfuric  acid  should  have  been  added,  a  sulfate  of  bismuth  will 
be  deposited  in  crystalline  needles,  which  is  scarcely  soluble  in 
sulfuric  acid,  but  extremely  so  in  water.  If,  however,  a  solution 
of  this  salt  be  heated,  whether  the  quantity  of  water  be  large  or 
small,  a  sulfate  of  bismuth  will  again  he  gradually  precipitated 
which  is  insoluble  in  either  hot  or  cold  water,  even  if  a  consider- 
able quantity  of  sulfuric  acid  should  have  been  added. 

I  have  found  that  the  difficulty  in  regard  to  effecting  a  com- 
plete solution  of  bismuth  may  be  obviated  if,  in  the  treatment  of 
ores  and  metallurgical  products,  a  large  excess  of  sulfuric  acid  is 
added  to  the  nitric  acid  solution,  so  that,  when  the  evaporation 
takes  place  and  the  sulfuric  acid  fumes  appear,  the  mass  will  still 
be  in  a  fluid  and  not  in  a  pasty  condition.  If  the  mixture  is  then 
allowed  to  cool,  and  cold  water  added  gradually  to  prevent  heat- 
ing, all  of  the  bismuth  goes  into  solution  and  remains  so  for  a 
sufficient  length  of  time  to  allow  a  filtration  and  separation  from 
the  sulfate  of  lead  to  be  effected. 

Another  impurity  not  unlikely  to  contaminate  the  sulfate  of 
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lead,  if  sufficient  excess  of  sulfuric  acid  is  not  added,  is  antimony. 
Such  antimony  would  also  be  reduced  to  the  metallic  state  in 
conjunction  with  the  lead  by  the  zinc.  However,  in  re-effecting 
the  solution  of  the  lead  by  nitric  acid,  the  antimony  would 
remain  as  the  insoluble  oxid  and  thus  be  eliminated. 

The  following  experiments  demonstrate  that  even  considerable 
quantities  of  bismuth  and  antimony,  when  originally  present,  do 
not  essentially  effect  the  accuracy  of  the  process.  Five  portions 
of  lead  were  weighed  out,  and  to  these,  severally,  100  milligrams 
each  of  metallic  antimony  and  bismuth  were  added  : 


Weight  of 

KMnO,  used, 

Weigrht  of 

Percentage 

Exp.  No. 

lead  taken,  inflrras. 

cc. 

lead  found. 

obtained. 

18 

215.44 

41.9 

214.94 

99.76 

19 

232.21 

45- ^ 

231.36 

99.63 

20 

258.58 

50.1 

257.01 

99.38 

21 

244.50 

47.6 

244.18 

99.86 

22 

250.74 

48.5 

248.80 

99.22 

The  average  percentage  obtained  being  99.57. 

In  ordinary  practice  such  combinations  as  given  in  the  experi- 
ments just  noted  are  hardly  likely  to  be  met  with,  and  the  results 
obtained  are  an  ample  demonstration  of  the  sufficient  accuracy  of 
the  method  for  all  technical  purposes. 

In  the  analysis  of  ores  and  furnace  products  the  following  plan 
of  operation  has  been  found  most  suitable  : 

Place  one  gram  or  0.50  gram,  according  to  richness  of  the 
material,  in  a  four  inch  casserole ;  add  fifteen  cc.  concentrated 
nitric  acid  and  fifteen  cc.  concentrated  sulfuric  acid ;  cover  with 
watch  glass  and  heat  on  a  hot  plate  until  the  decomposition  is 
effected,  and  the  fumes  of  sulfuric  acid  appear.  Remove  and 
cool ;  when  cool,  gradually  add  about  fifty  cc.  of  cold  water,  heat 
to  boiling  and  immediately  filter.  Wash  well  with  boiling  water 
slightly  acidified  with  sulfuric  acid,  and  finally  with  plain  hot 
water.  Now  rinse  the  insoluble  residue  into  a  beaker  of  about 
200 cc.  capacity,  using  not  more  than  fifty  cc.  water;  add  five  cc. 
concentrated  hydrochloric  acid,  cover  with  watch  glass  and  boil 
briskly  for  five  minutes.  The  sulfates  of  lead  and  lime  pass  into 
solution. 

If  much  silica  and  sulfate  of  barium  be  present,  it  is  well  to 
filter  and  wash  well  with   boiling  water.     If  such  filtration  is 
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undertaken,  it  must  be  done  rapidly.  Small  amounts  of  silica  do 
not  interfere,  but  larger  quantities  prevent  the  subsequent 
precipitation  of  the  lead  in  one  spongy  mass. 

Dilute  the  solution  with  water  to  about  lOo  cc.,  keeping  it  hot, 
but  not  boiling.  Now  add  two  grams  of  granulated  zinc.  The 
lead  begins  immediately  to  be  deposited  as  a  metallic  sponge. 
When  the  action  of  the  acid  on  the  zinc  has  apparently  ceased, 
add  an  additional  0.50  gram.  After  five  minutes  the  solution  is 
again  boiled  for  a  few  minutes  and  then  ten  cc.  concentrated 
hydrochloric  acid  added.  This  dissolves  the  remainder  of  the 
zinc  very  quickly,  and  when  the  reaction  is  completed  the  lead 
sponge  will  be  found  floating  on  the  surface  of  the  liquid.  Decant 
solution,  wash  the  lead  sponge  with  cold  water,  and  press  it  out 
fiat  with  the  finger.  Dissolve  it  in  one  cc.  concentrated  nitric  acid 
and  twenty  cc.  hot  water.  Add  now  a  slight  excess  of  carbonate 
of  sodium  (the  salt  is  preferable  to  the  solution),  and  redissolve 
the  precipitated  carbonate  of  lead  by  adding  five  cc.  strong  acetic 
acid ;  add  twenty  cc.  of  ninety-five  per  cent,  alcohol,  heat  the 
solution  to  65"*  C.  and  precipitate  the  lead  with  a  saturated  solu- 
tion of  pure  cr\'Stallized  oxalic  acid.  The  lead  comes  down  at 
once  as  a  dense  white  crystalline  precipitate.  Stir  briskly  until 
the  precipitate  settles  rapidly,  leaving  a  perfectly  clear  super- 
natant liquid.  Filter  and  wash  precipitate  three  times  w^ith  a 
hot  mixture  of  alcohol  and  water  ( i  :  i ) ,  and  then  four  times 
with  hot  water  alone.  (In  washing  the  precipitate  it  is  well  to 
use  a  fine  jet,  keeping  tne  stream  on  the  filter  and  not  allowing 
it  to  flow  on  the  glass,  as  otherwise  the  precipitate  is  apt  to  creep 
upon  the  funnel,  and  thus  occasion  loss.)  When  thoroughly 
washed,  the  precipitate  is  rinsed  into  a  flask  or  beaker  with 
about  fifty  cc.  hot  water,  five  cc.  concentrated  sulfuric  acid  added, 
and  the  oxalic  acid  determined  by  permanganate  of  potassium 
solution  in  the  usual  way. 

The  only  precautions  to  be  observed  are  those  which  have 
already  been  mentioned  with  reference  to  bismuth,  and  when 
large  amounts  of  silica  or  sulfate  of  barium  are  present. 

As  the  ratio  of  the  atomic  weight  of  lead  to  that  of  the  com- 
bined oxalic  acid  is  ver>'  high,  any  error  occurring  in  the  titration 
will  be  magnified.     It  is  advisable,  therefore,  to  use  quite  dilute 
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solutions  of  permanganate  of  potassium,  the  strength  of  this  being 
not  greater  than  1.58  grams  KMnO^  to  one  liter,  which  will  give 
a  strength  of  solution,  one  cc.  equals  about  fifty  milligrams  of 
lead. 

The  standard  of  the  solution  in  terms  of  lead  is  obtained  by 
multiplying  the  standard  in  terms  of  crystallized  oxalic  acid  by 
1.6428. 

The  time  involved  in  the  execution  of  the  method  on  a  single 
assay  occupies  from  thirty-five  to  forty  minutes,  and  the  carrying 
out  of  a  number  of  assays  simultaneously  is  easily  feasible. 

The  following  results  indicate  what  concordance  can  be 
obtained  by  the  method : 

Exp.  No.  Per  cent. 

23  Broken  Hill  ore 27.61 — 27.50 

24  Silver  precipitate  of  leaching  process 28.86 — 28.75 

25  Oxidized  ore 2.56 —  2.66 

26  Galena  associated  with  pyrite  and  chalcopyrite  .  22.25 — 2i*95 

27  Galena  ore  (gravimetric,  66.75  per  cent.  lead). . .  66.58—66.66 

28  Oxidized  ore 41.04 — 41.29 
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PROCESS  OF  MANUFACTURING  BICARBONATE 

OF  SODA  BY  THE  AMMONIA-SODA  PROCESS. 

By  J.  D.  Pennock,  Solvay  Process  Company,  Syracuse,  N.  Y. 

In  1886  I  sent  a  sample  of  the  scale  which  we  have  to  contend 
with  in  the  ammonia-soda  manufacture  to  Professor  Cooke  of 
Harvard  College.  This  scale  was  formed  on  the  inside  of  a  pipe 
conveying  an  ammoniated  and  partially  carbonated  brine.  The 
scale  varies  in  thickness  from  one-half  to  two  inches.  This  par- 
ticular piece  of  scale  was  given  to  one  of  the  Professor's  pupils, 
Mr.  Geo.  W.  Leighton,  who  made  an  examination  of  it. 

The  results,  which  correspond  closely  to  my  own,  may  be 
found  in  the  Proceedings  of  the  American  Academy  of  Arts  and 
Sciences,  1886,  159.  He  says:  **The  scale  is  semi-transparent 
with  a  vitreous  luster  and  of  greenish  gray  color,  although  some- 
times black  on  the  surface;  usually  covered  with  crystalline 
planes,  which  have  at  first  sight  the  appearance  of  octahedral 
forms  projecting  from  the  surface,  but  on  closer  examination 
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were  found  to  be  the  terminations  of  prisms  extending  down 
into  the  body  of  the  scale.'*     The  result  of  his  analysis  was: 


Substance  estimated. 


H,0  at  loo'  C. 
H,0  at  230'  C. 

CaO 

FeO ,. 

MgO 

NajO  

CI 

CO, 


Number  of  Analysis. 


0.63 
0.054 

38.71 
1345 
36.24 


0.63 
0.045 


2.0a 

14.90 
38-45 
13.46 


1.99 

14.77 
38.57 
13-45 
35-33 


0.31 
1.96 


35.65 


0.39 

1.96 

15-34 

35-46 


0.395 
2.05 

15-12 


35-54 


Taking  now  the  means  of  these  determinations  and  assuming 
that  the  chlorin  is  combined  with  sodium,  while  the  carbon 
dioxid  is  distributed  among  the  rest  of  the  base  we  obtain  as  the 
final  average  result  of  the  analysis : 

Pound.  Theory. 

NaCl 22.00  22.23 

Na^CO, 40.62  40.28 

MgCOa 31.56  31.92 

CaCO, 3.55 

FeCO, 0.08 

HgO  0.63 

COj  in  excess 0.64 

It  will  be  seen  that  this  scale  very  closely  approximates  a  salt 
represented  by  the  formula  MgCO„Na,CO„NaCl. 

I  have  recently  examined  another  scale  taken  from  another 
apparatus  through  which  the  same  ammoniated  and  carbonated 
brine  was  passing,  but  at  a  somewhat  lower  temperature.  This 
scale  is  not  so  thick  as  the  other,  is  white  and  semi-transparent, 
and  the  crystals,  though  definitely  formed,  are  microscopic.  It 
is  entirely,  or  nearly,  free  from  salt,  thus  differing  from  the 
previously  mentioned  scale,  and  evidently  is  the  union  of  one 
molecule  of  Na,CO,  with  one  of  MgCO,.  The  scale  is  three- 
quarters  of  an  inch  thick,  was  four  months  forming,  and  is  thrown 
out  from  a  solution  which  contains  only  a  slight  percentage  of 
magnesium  impurity. 
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The  original  brine  is  of  the  following  composition : 

CaS04  4.54  grams  per  liter. 

CaCl,  2.14 

MgCl,  0.586 

NaCl  290.00      *' 

Of  course,  the  action  of  the  ammonia  and  carbonic  acid  is  that 
of  purifying  the  brine  from  lime  and  magnesia,  and  as  a  result 
the  ammoniated  brine  passing  through  the  apparatus  (in  volume 
about  500  cubic  meters  per  twenty-four  hours)  where  the  scale 
is  formed  contains  the  following  percentage  of  MgCl,,  obtained 
from  analyses  of  the  liquor  on  different  days : 

I  2345  6 

Mg^l«»  grams  per  liter,      0.076      0.123      0.046     0.054     0.092      0.068 

The  following  are  the  results  of  analyses  of  two  samples  taken 
from  different  parts  of  a  large  piece  of  the  scale.  If  the  liquor 
is  not  well  settled,  a  little  CaCO,  goes  along  with  the  liquor  in 
suspension  and  is  held  by  the  double  salt  in  crystallization. 

Per  Cent. 
No.  I,  dry.  No.  2. 

Silica   o.io  0.17 

Fe,Oj„  AljOj o.  1 1  0.07 

CaO 1.54  1.20 

MgO 19.04  18.74 

Na,0 34.22  33.29 

CO,  45.30  4S-20 

CI 0.24  0.14 

Loss  at  100^^ 1. 12 

The  combination  of  the  above  is  probably  thus : 

No.  I.  No.  2. 

Silica   0.10             0.17 

FeCOj 0.15             0.10 

CaCO, 2.75              2.14 

MgCO, 39.98  39.3s 

Na,CO., 58.50  57.21 

NaCl 0.40             0.32 

Loss  at  100^  C 1 .  12 

The  composition  of  this  scale  approximates  sufficiently  close 
to  that  of  the  crystalline  substance  containing  one  molecule  of 
Na,CO,  and  one  molecule  of  MgCO,  to  say  that  it  is  the  double 
salt,  Na,C0„MgC03. 
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The  other  constituents  are  the  suspended  impurities  in  the 
liquor  from  which  the  scale  is  formed. 

This  scale,  which  is  a  salt  fonned  by  one  molecule  of  Na,CO, 
and  one  molecule  of  MgCO. ,  is  formed  from  the  same  liquor  that 
throws  out  the  other  scale  consisting  of  one  molecule  each  of 
Na,CO„  MgCO,  and  NaCl,  though  the  temperature  in  the  first 
case  is  somewhat  lower. 

Hydrochloric  acid  was  added  to  two  grams  of  the  scale  from 
which  analysis  No.  2  was  made.  The  solution  of  the  chlorids 
was  evaporated  to  dryness  and  heated  in  a  hot  air  bath  at  1 10**  C. 
to  constant  weight. 

This  weight  corresponds  closely  to  the  theoretical  weight  cal- 
culated from  the  percentages  of  the  constituents  according  to 
analysis  No.  2. 

Grams. 

Silica 0.0034 

Fe,Cl« 0.0028 

CaCl,  0.0475 

MgClj 0.8900 

NaCl 1.2620 

Total   2.2057 

Weight  of  chlorids  dried  2.2230 

According  to  Watts'  Dictionary,  1,  788,  the  double  salt  MgCO,. 
Na^CO,  is  obtained  in  anhydrous  microscopic  crystals  by  digest- 
ing magnesia  alba  for  twelve  or  fifteen  hours  at  60°  or  70**  C.  with 
diacid  carbonate  of  sodium. 

*  *  The  carbonate  of  magnesia  and  of  soda  is  rapidly  decomposed 
by  water/*  (Deville,  Ann.  chim.  phys.  [3],  88,  89).  I  did  not 
find  this  to  be  the  case  with  the  substance  under  consideration. 
Four  lots  of  five  grams  each  of  the  finely  ground  scale  were  put 
in  beakers  with  too  cc.  of  distilled  water. 

No.  I  was  kept  at  20°  C.  for  half  an  hour;  No.  2  was  kept  at 
50**  C.  for  half  an  hour ;  No.  3  was  kept  at  75°  C.  for  half  an  hour; 
No.  4  was  boiled  for  half  an  hour  adding  water  to  maintain  the 
same  volume.  Each  was  then  filtered  and  washed  with  alcohol. 
The  filtrates  were  analyzed  for  Na,CO,  and  MgCO,  with  the  fol- 
lowing results : 

Gms.  Na,COa.  Gm8.  MgCO,. 

No.  I  filtrate  contained  0.1086  0.0328 

"2       **  "  0.1086  0.0432 

•*    3      "  *'  0.1086  0.0432 

"    4      *'  •'  0.1570  0.0232 
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Percentage  of  the  scale  soluble  in  loo  cc.  of  water: 

Per  Cent. 
No.  I ,  at  20- C, 2.82 

2,  *•  So'^C, 3.05 

3,  "  75^C 3.05 

4,  boiling, 3.60 
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THE  DETERMINATION  OF  PHOSPHORIC  ACID 

IN  BASIC  SLAGS.* 

By  Dr.  Adolf  F.  Jolles. 

The  views  on  the  solvent  in  the  determination  of  phosphoric 
acid  in  basic  slags  differ  widely  from  each  other.  We  may  par- 
ticularize two  directions,  one  of  which  recommends  the  samples 
to  be  opened  up  with  concentrated  sulfuric  acid  and  the  other 
w^ith  hydrochloric  acid. 

At  a  meeting  of  Austrian  managers  and  officials  of  agricultural 
experimental  stations,  held  at  Vienna  on  August  30,  1890,  Dr. 
von  Lorenz  recommended  the  use  of  Maercker's  process  exactly 
as  it  had  been  proposed  at  Bonn  Congress  of  the  Experimental 
Stations  in  1889.  I  have  had  repeated  opportunity  to  analyze 
basic  slags  both  by  molybdenum  method  and  by  Maercker's 
process,  and  I  always  obtained  differences  in  the  percentage  of 
phosphoric  acid  which  were  proportional  to  the  percentage  of 
lime.  These  differences  are  to  be  referred  to  the  well-known 
fact  that  the  gypsum  liberated  on  opening  up  the  slags  with  con- 
centrated sulfuric  acid  incloses  particles  of  calcium  phosphate 
which  are  thus  withdrawn  from  the  solution.  I  have  found 
similar  losses  of  phosphoric  acid  when  using  hydrochloric  acid. 

Last  year  H.  and  E.  Albert,  of  Biebrich,  on  the  basis  of  num- 
erous experiments,  have  recommended  the  following  method  for 
determining  total  phosphoric  acid  in  basic  slags,  and  have  intro- 
duced it  into  the  laboratory  of  their  works : 

Five  gms.  of  finely-ground  slag  are  moistened  with  a  little 
water  in  a  flask  of  the  capacity  of  500  cc.  and  boiled  upon  the 
sand  bath  with  40  cc.  of  hydrochloric  at  i6°-20°  B6,  The  mix- 
ture is  boiled  until  there  remain  only  a  few  cc.  of  a  thick  paste  of 
silicic  jelly,  allowed  to  cool,  and  a  little  water  is  added.     It  is 

*  Chem.  News,  Nov.  25,  1892,  from  Ztschr.  anal.  Chem. 


626  PHOSPHORIC   ACID   IN   BASIC   SI.AGS. 

then  shaken  until  the  thick  clots  of  silicic  acid  are  very  finely 
divided,  made  up  to  500  cc.  with  water,  and  filtered.  The  50  cc. 
of  the  filtrate  are  mixed  with  15  cc.  of  Joulie's  solution  {i.  e.^  400 
gms.  citric  acid  made  up  to  one  liter  with  ammonia  of  specific 
gravity  0.9),  and  then  precipitated  in  the  ordinary  manner  with 
magnesia  mixture,  ignited,  and  weighed.  There  is  no  danger 
of  obtaining  silica  in  the  magnesia  precipitate,  since  many 
experiments  have  proved  that  the  condensation  of  the  hydro- 
chloric solution  to  a  thick  jelly  is  sufficient  to  render  the  silica 
insoluble.  If  a  standard  solution  of  uranium  is  at  hand  we  dis- 
solve (if  the  presence  of  silica  is  suspected)  the  moist  precipitate 
on  the  filter  in  a  little  nitric  acid,  and  titrate  in  the  usual  manner. 

I  have  had  this  process  and,  as  .a  check,  the  molbydenum 
method  carried  out  in  numerous  analyses  of  basic  slags  in  my 
laboratory,  with  the  result  that  the  Albert  method,  both  gravi- 
metrically  and  volumetricaily,  yielded  far  too  high  results  in 
comparison  with  the  molybdenum  method.  The  cause  of  these 
discrepancies  can  only  be  sought  for  in  the  imperfect  elimination 
of  the  silica. 

I  cannot  in  my  analyses  confirm  the  above  quoted  statement 
of  H.  and  E.  Albert,  since  I  have  always  been  able  to  recognize 
the  presence  of  silica  in  the  precipitates  of  magnesia.  I  have, 
then,  dissolved  the  magnesia  precipitate  in  hydrochloric  acid, 
evaporated  it  to  dryness,  heated  the  residue  to  120°  in  the  air 
bath,  re-dissolved  in  hydrochloric  acid,  and  weighed  the  silica. 

The  differences  varied  according  to  the  time  of  boiling,  and 
I  obtained  results  agreeing  with  those  of  the  molybdenum  method 
only  on  boiling  the  basic  slag  meal  in  hydrochloric  acid,  evapor- 
ating completely  to  dryness,  and  heating  in  the  air  bath  to  120**. 
This  method  may  thus  be  modified  by  evaporating  the  silica  to 
perfect  dryness,  retaining  the  further  course  of  the  analysis. 

As  for  the  volumetric  determination,  I  have  dissolved  the  moist 
precipitate  of  ammonium  magnesium  phosphate  in  a  little  nitric 
acid,  neutralized  it  with  ammonia,  dissolved  it  in  acetic  acid, 
and  titrated  with  solution  of  uranium.  The  results  obtained 
have,  by  accident,  coincided  with  the  gravimetric  results  accord- 
ing to  Albert,  so  that  I  at  first  believed  that  no  silica  was  present 
in  the  precipitate  of  ammonium  magnesium.     In  fact,  however. 
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I  found  in  every  precipitate  ponderable  quantities  of  silica ;  there- 
fore, according  to  the  check  titration  with  uranium  solution  I 
should  have  obtained  less  phosphoric  acid^  than  by  jveighing, 
which  was  not  the  case.  There  occur  here  also  sources  of  error 
which  act  in  opposite  directions  and  which  may  even  mutually 
compensate  each  other. 

The  most  important  defect  of  this  method  lies  in  the  untrust- 
worthiness  of  the  indicator.  I  have  frequently  observed  that  the 
brown  color  does  not  appear  at  once,  but  not  until  the  lapse  of 
some  minutes. 

I  believe  that  in  the  analysis  of  manures  the  motion  accepted 
at  the  Congress  of  Chemists  at  Hanover  in  1889  ought  to  be  kept 
in  mind,  according  to  which  **  the  volumetric  determination  of 
phosphoric  acid  is  regarded  as  no  longer  adequate  to  the  demands 
of  the  age  and  is  declared  untrustworthy.*' 

For  the  volumetric  determination  of  phosphoric  acid  in  basic 
slag,  I  venture  to  propose  the  following  modification  of  the 
method  of  H.  and  E.  Albert: 

Five  gms.  of  fine  slag-meal  is  moistened  with  a  little  water  in 
a  capsule,  boiled  with  40  cc.  of  hydrochloric  acid  at  about  20°  B^., 
and  evaporated  to  perfect  dryness.  The  residue  is  heated  to 
120°  in  the  air  bath,  moistened  with  hydrochloric  acid  when  cold, 
taken  up  in  water,  and  filtered.  The  filtrate  is  made  up  to  500  cc. , 
50  cc.  of  which  are  mixed  with  citrate  solution,  and  the  phos- 
phoric acid  is  precipitated  in  the  ordinary  manner  with  magnesia 
mixture,  when  the  precipitate  is  dried,  ignited,  and  weighed. 

With  this  procedure  I  have  obtained  results  which  agreed 
fairly  with  those  of  the  molybdenum  method.  In  cases  where  the 
analyst  wishes  to  check  himself  or  other  chemists,  and  in  disputed 
cases,   the  molybdenum   method   is  exclusively  admissible. 


A  METHOD  FOR  THE  QUANTITATIVE  SEPARATION 

OF  BARIUM  FROM  STRONTIUM  BY  THE  ACTION 

OF  AMYL  ALCOHOL  ON  THE  BROMIDS.* 

By  Philip  K.  Browning. 

The  existing  methods  upon  which  dependence  can  be  made 
in  the  separation  of  barium  from  strontium  are  few  in  number. 

•AM.  J.  SCI.,  44«  459- 
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Dr.  R.  Fresenius  in  discussing  them  through  several  numbers 
of  his  journal*  concludes  that  the  only  one  which  gives  perfectly 
reliable  results  consists  of  the  precipitation  of  the  barium  by  a 
double  treatment  with  ammonium  chromate  in  acetic  acid  solu- 
tion. Having  demonstrated  the  possibility  of  separating  both 
barium  and  strontium  from  calcium  by  the  dehydrating  and 
appropriate  solvent  action  of  boiling  amyl  alcohol  on  the  nitratest 
the  possibility  of  a  similar  method  of  separation  by  the  use  of 
suitable  salts  of  barium  and  strontium  seemed  worthy  of  investi- 
gation and  necessary  to  complete  the  series  as  applied  to  this 
group.  In  looking  about  for  suitable  salts  upon  which  to  ex- 
periment the  behavior  of  the  chlorids  was  suggestive.  Barium 
chlorid  is  completely  insoluble  in  amyl  alcohol  while  the  cor- 
responding strontium  salt  is  somewhat  soluble.  The  possibility 
of  finding  strontium  bromid  more  readily  soluble  than  the  cor- 
responding chlorid  seemed  worthy  of  attention.  The  method  of 
preparation  followed  was  the  treatment  of  the  precipitated  and 
thoroughly  washed  carbonates  of  barium  and  strontium  with 
hydrobromic  acid  prepared  t  by  mixing  definite  proportions  of 
potassium  bromid  in  solutions  with  sulfuric  acid  and  water  "while 
hot,  filtering  off  the  potassium  sulfate  which  separates  on  cooling, 
and  redistilling  the  filtrate  until  the  distillate  contains  no  appre- 
ciable trace  of  sulfuric  acid.  The  standards  of  the  solutions  of 
barium  and  strontium  bromids  made  in  this  way  were  determined 
by  precipitating  definite  portions,  measured  and  weighed,  with 
sulfuric  acid, — the  strontium  after  the  accepted  method  of  adding 
ethyl  alcohol  to  increase  the  insolubility  and  the  barium  after 
the  manner  suggested  by  Dr.  F.  W.  Mar,§  precipitating  with 
an  excess  of  sulfuric  acid  in  the  presence  of  hydrochloric  acid. 
The  mean  of  closely  agreeing  results  was  taken  as  the  standard. 
Preliminary  experiments  on  the  bromids  formed  in  this  way  gave 
encouraging  results,  the  barium  salt  appearing  to  be  almost  com- 
pletely insoluble  while  the  strontium  salt  dissolved  freely.  The 
first  series  of  experiments  were  directed  toward  a  quantitative 
determination  of  the  solubility  of  barium  bromid  in  the  alcohol. 

*Zt8chr.  anal.  Chem.,  ag,  20.  143.  413. 
tThis  Journal,  6,  333,  339. 
X  Proceedings  Amcr.  Acad.,  37,  30. 
§Am.  J.  Sci.,  41.  288. 
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Definite  portions  of  the  standaiized  solution  of  barium  bromid 
were  measured  from  a  burette  into  counterpoised  beakers  of  about 
fifty  cc.  capacity  and  weighed  as  a  check  on  the  burette  reading. 
This  solution  was  then  evaporated  to  dryness,  and  the  residue 
was  dissolved  in  a  few  drops  of  water  and  boiled  with  ten  cc.  of 
amyl    alcohol.     The  separating  bromid  was  filtered  off  on  an 
asbestos  felt  contained  in   a  perforated  platinum  crucible,  the 
whole  having  been  previously  ignited  and  weighed.     The  cru- 
cible containing  the  bromid  was  at  first  dried  at  140^*-!  50°  C.  in 
an  air  bath  after  the  manner  described  in  the  previous  papers, 
and  weighed.   The  unsuccessful  attempt  to  get  a  constant  weight, 
however,  proved  the  impossibility  of  Sighing  as  bromid,  the 
weight  decreasing  rapidly  with  each  successive  drying.     It  was 
deemed  best,  accordingly,  to  dissolve  the  bromid  from  the  felt  into 
a  beaker  placed  to  receive  it,  and  to  precipitate  with  sulfuric  acid 
in  the  presence  of  hydrochloric  acid,  after  the  same  manner  fol- 
lowed in  the  determinations  of  the  standards.     The  precipitated 
sulfate,  which  in  a  few  minutes  settles  completely,  was  filtered 
off  upon  the  same  felt  from  which  the  bromid  had  been  dissolved, 
dried,  ignited  to  low  redness,  and  weighed.     Series  I  gives  the 
results  of  several  experiments  made  after  this  manner  which 
show  the  solubility  of  the  barium  salt  to  be  about  0.0013  g^i^s. 
on  the  oxid  in  ten  cc.  of  amyl  alcohol.     The  filtrate  after  boiling 
with  amyl  alcohol  was  evaporated  and  the  residue  was  treated 
with  sulfuric  acid  and  weighed ;  or  the  filtrate  was  precipitated 
directly  by  adding  sulfuric  acid,  enough  ethyl  alcohol  being  added 
to  secure  thorough  mixture.     The  amount  of  sulfate  found  agreed 
uniformly  with  the  loss  determined  in  the  residue  after  boiling. 
A  portion  of  the  salt  which  dissolved  in  the  alcohol  on  being 
examined  before  the  spectroscope  gave  only  the  green  bands 
characteristic  of  barium. 


SERIES  I. 

BaO  taken, 

BaO  found. 

Error, 

gm. 

firm. 

gm- 

I 

0.1234 

0.1222 

0.0012 

2 

0.0824 

0.0809 

0.0015 

3 

0.0823 

0.0809 

0.0014 

4 

0.0818 

0.0803 

0.0015 

5 

0.0733 

0.0720 

0.0013 
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Several  methods  of  treatment  were  followed  to  prevent,  if 
possible,  this  solubilit>%  such  as  the  addition  of  a  few  drops 
of  hydrobromic  acid  before  boiling,  of  the  same  after  the 
barium  bromid  had  separated,  of  a  few  drops  of  ethylene  di- 
bromid  or  ethyl  bromid  at  the  completion  of  the  boiling,  of  a 
few  drops  of  bromin  water  before  boiling,  etc.  The  results  of 
these  experiments  showed  these  modifications  to  be  of  little  or 
no  value. 

On  boiling  the  strontium  bromid  with  the  alcohol  slight  spots 
separated  occasionally,  which,  on  the  addition  of  a  drop  of  hydro- 
bromic acid,  went  into  solution  and  did  not  appear  on  re-boiling. 
In  order  to  determine  tlte  solubility  of  the  strontium  bromid  in 
the  alcohol  a  saturated  solution  was  obtained  by  boiling  an 
excess  of  the  strontium  salt  with  the  alcohol,  the  salt  in  a  meas- 
ured portion  of  ten  cc.  was  precipitated  as  sulfate  by  the  addition 
of  ethyl  alcohol,  and  sulfuric  acid,  and  weighed.  Duplicate 
determination  showed  the  solubility  to  be  about  0.2  gm.  on  the 
oxid  in  ten  cc.  of  the  alcohol.  The  mode  of  procedure  for  the 
separation  of  these  elements  was  identical  with  that  already 
described  in  the  case  of  barium  alone  up  to  the  point  at  which 
the  barium  was  filtered  off,  'except,  of  course,  the  addition  at 
first  of  a  measured  and  weighed  amount  of  a  previously  stand- 
ardized solution  of  strontium  bromid.  The  strontium  was  pre- 
cipitated from  the  filtrate  as  sulfate  by  dilute  sulfuric  acid,  ethyl 
alcohol  being  added  to  secure  thorough  mixture.  These  precipi- 
tates were  generally  filtered  off  upon  asbestos  felts,  and,  although 
their  gelatinous  character  delayed  the  filtration  som^prhat,  the 
drying  and  burning  of  a  filter  paper  with  the  possible  danger  of 
loss  by  reduction  in  the  presence  of  burning  paper  was  avoided. 
Series  II  gives  the  results  of  a  single  treatment,  and  it  will  be 
seen  that  there  is  apparently  a  slight  contamination  of  the  barium 
by  the  strontium  which,  where  the  latter  is  present  in  large 
quantities,  balances  the  solubility  of  the  barium  (0.0013  g^s.  on 
the  oxid) .  Where  the  amounts  of  strontium  taken  are  small  the 
loss  of  barium  due  to  solubility  appears. 
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SERIES 

II. 

BaO  taken. 

Ba  found, 

Error. 

SrO  taken, 

SrO  found. 

Error, 

gm. 

gm. 

gm. 

Ktti. 

gm. 

gm. 

I 

0.1228 

0.1225 

0.0003— 

0.1070 

0.1065 

0.0005 — 

2 

0.1227 

O.1231 

0.0004 -|- 

0.1074 

0.1069 

0.0005— 

3 

0.1224 

0.1228 

o.ooo4-|- 

0.1070 

0.1067 

0.0003 — 

4 

O.I217 

O.I  201 

0.0016 — 

0.0364 

0.0372 

O.0008-I- 

5 

O.I216 

0.1222 

O.OO06-I- 

0.0133 

O.I 124 

0.0009 — 

6 

0.0974 

0.0970 

0.0004 — 

0.0719 

0.0721 

0.0002+ 

7 

0.0971 

0.0973 

0.0002+ 

0.0730 

0.0727 

0.0003 — 

8 

0.0970 

0.0971 

O.OOOI-j- 

0.0718 

0.0716 

0.0002 — 

9 

0.041 1 

0.0390 

0.0021 — 

0.0365 

0.0385 

0.0020+ 

10 

0.0243 

0.0234 

0.0009 — 

0.1072 

0.1072 

0.0000 

Series  III  gives  the  result  of  a  double  treatment.  In  this 
series  the  contaminating  effect  of  the  strontium  salt  disappears 
almost  entirely,  leaving  a  deficiency  of  about  0.0025  S^'  0°  the 
oxid  to  be  added  to  the  barium,  and  a  corresponding  amount  of 
sulfate  (0.0040  gm.)  to  be  subtracted  from  the  strontium  sulfate 
before  calculating  it  to  the  condition  of  the  oxid.  The  manipu- 
lation is  the  same  as  that  outlined  for  the  single  treatment,  as  far 
as  the  completion  of  the  first  boiling.  At  this  point  the  amyl 
alcohol  containing  most  of  the  strontium  in  solution  was  decanted 
upon  a  weighed  and  ignited  felt  and  collected  in  a  beaker  placed 
to  receive  it.  The  residue  of  barium  with  traces  of  strontium 
was  then  dissolved  in  a  few  drops  of  water,  a  drop  of  hydrobromic 
acid  was  added  and  the  boiling  was  repeated  with  another  portion 
of  ten  cc.  of  amyl  alcohol.  Upon  reaching  the  boiling  point  of 
the  alcohol  the  beaker  was  removed,  and  the  barium  salt  was  fil- 
tered upon  the  felt  through  which  the  first  portion  had  been 
decanted,  and  treated  as  before  described. 


SERIES 

III. 

(Corrected). 

(Corrected). 

BaO  Uken. 

BaO  found, 

Error, 

SrO  taken, 

,  SrO  found. 

Eraor, 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

I 

O.I2I2 

O.I219 

0.0007+ 

0.1068 

0.107 I 

0.0003+ 

2 

O.I215 

O.1219 

0.0004+ 

0.0358 

0.0359 

0.0001  + 

3 

0.1220 

O.I22I 

0.0001  + 

0.0353 

0.0347 

0.0006— 

4 

O.I2I2 

0.1220 

0.0008+ 

0.0363 

0.0358 

0.0005— 

5 

O.I219 

O.I22I 

0.0002+ 

0.0361 

0.0354 

0.0007 — 

6 

O.I2II 

O.I218 

0.0007+ 

O.I  126 

O.II16 

O.OOIO — 

7 

O.I319 

O.I319 

0.0000 

0.0577 

0.0586 

0.0009+ 

8 

0.0496 

0.0492 

0.0004-^ 

0.0574 

0.0579 

0.0005+ 
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The  method  is  rapid,  and  while  the  correction  to  be  applied 
owing  to  the  solubility  of  the  barium  salt  is  large  it  is  so  definite 
that  it  cannot  be  objectionable.  The  author  in  conclusion  would 
express  his  indebtedness  to  Professor  F.  A.  Gooch  of  the  Kent 
Laboratory  for  the  many  helpful  suggestions  received  from  him 
bearing  upon  this  investigation. 

MURDAY'S  FIRE-DAMP  DETECTOR." 
The  instrument  here  illustrated  is  intended  for  estimating 
extremely  small  percentages  of  fire-damp  in  the  air  of  coal  mines, 
and  is  much  more  sensitive  than  any  other  apparatus  of  the  kind 
in  the  market.  It  will  indicate  the  presence  of  less  than  o.i  per 
cent,  of  fire-damp  or  about  the  one-hundredth  part  of  the  amount 
necessarj-  for  an  explosion.  The  principle  on  which  it  ft'orks. 
however,  is  the  same  as  has  been  applied  before  for  the  same 
purpose.     There  are  two  platinum  wires,  one  in  a  sealed  chamber 


and  the  other  in  a  cage  of  wire  gauze  through  which  the  air  of 
the  mine  penetrates.  Equal  electric  currents  from  a  drj-  storage 
battery  pass  through  these  wires,  and  heat  them  up  to  a  certain 
necessary  temperature.  When  there  is  no  fire-damp  in  the  air 
the  galvanometer  needle  points  to  zero.  When,  however,  fire- 
damp comes  in,  the  platinum  wire  in  the  gau/e  chamber  com- 
mences to  glow  according  to  the  well-known  property  of  this  metal. 
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This  glowing  causes  a  variation  in  the  current  which  passes 
along  the  mre,  and  this  variation  is  indicated  by  the  galvanometer 


needle.  The  amount  of  glow  depends  directly  on  the  percentage 
of  fire-damp  present,  and  thus  the  deflection  ol  the  galvanometer 
needle  indicates  accurately  the  amount  of  gas  present  in  the  air. 
An  alarm  bell  can  be  adjusted  in  such  a  way  that  when  a  certain 
percentage  is  readied,  it  is  automatically  rung.  When  the 
apparatus  is  not  in  use,  the  tension  of  the  springs  in  the  indicating 
mechanism  is  taken  off  by  pressing  a  knob  in  order  that  the  life 
of  the  apparatus  shall  be  prolonged  as  much  as  possible.  It  will 
be  seen  that  the  apparatus  is  automatic  and  the  readings  are 
direct. 

CONCERNING  THE  CONSTANT  TO  BE  USED  IN 
CLERGET'S  INVERSION  PROCESS. 
To  THE   Editor   of  The  Journal    of    Analytical    and 
Applied  Chemistry: 

Mr.  Theodor  Breyer,  in  the  September  number  of  your  Journal, 
continues  to  insist  that  the  inversion  tests  reported  by  myself  and 
others  some  years  since  were  conducted  in  accordance  with 
Clerget's  original  method,  notwithstanding  my  statement  to  the 
contrary  in  the  August  issue. 

He   goes  still  further  and  intimates  that  I,  in  my  previous 
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communication,  made  a  deliberate  misstatement  as  to  the  manner 
in  which  those  experiments  were  carried  out,  quoting  in  support 
of  his  assertion  from  that  part  of  the  report  with  reference  to  this 
subject  which  appeared  in  certain  publications  soon  after  the 
issuance  of  the  pamphlet  previously  referred  to. 

This  portion  of  the  report  to  which  I  allude  was  prepared  for 
publication  along  with  the  methods  of  analysis  of  the  Sugar 
Chemists'  Association,  the  whole  matter  being  issued  in  a  single 
pamphlet. 

On  page  207  of  this  pamphlet  the  process  of  inversion  employed 
(the  same  as  that  given  by  Tucker)  was  described  in  these 
words — **the  solution  is  heated  in  a  water  bath  at  68**-75'*  C.  for 
a  period  of  fifteen  minutes. ' '  It  was  also  recommended,  as  stated 
in  my  previous  communication,  that  in  **  calculating  the  true 
percent,  of  sucrose  from  the  data  thus  obtained  (/.  <?.,  by  the 
use  of  the  method  given)  instead  of  Clerget*s  original  constant 
of  144,  the  revised  figure  of  142.4  should  be  used.  '* 

In  view  of  the  fact  that  the  methods  employed  by  the  Sugar 
Chemists*  Association  were  referred  to  in  the  first  part  of  our 
report  as  being  the  methods  it  was  designed  to  test,  it  was  not 
presumed  that  any  one  would  suppose  that  Clerget's  original, 
unmodified  method  was  followed  in  all  its  details,  especially  since 
reference  was  made  to  the  method  '* previously  described,"  only 
one  method  of  inversion  being  described  in  detail  in  the  pamphlet. 

It  was  certainly  no  more  my  intention  to  convey  the  idea  that 
the  Clerget  original  process  was  used  than  it  was  the  intention  of 
Mr.  Breyer  to  produce  the  impression  that  Clerget*s  original 
formula  *'is  used  by  all  the  chemists  in  the  sugar  industr3%"  yet 
one  might  draw  such  conclusion,  if  as  strict  an  interpretation 
were  placed  upon  his  words  as  he  has  placed  upon  certain  isolated 
sentences  of  my  report. 

Numbers  of  authors  refer  to  various  modifications  of  the 
of  the  original  inversion  process  as  **Clerget's  Method  of  In- 
version," and  yet  from  this  designation  one  does  not  necessarily 
infer  that  the  unmodified  method  is  alluded  to. 

It  is  frequently  the  case,  too,  that  European  chemists,  in 
reporting  results,  give  "sucrose  according  to  Clerget "  where 
the  Herzfeld  process  or  other  modification  has  been  emploj^ed. 
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The  official  inversion  method  of  the  French  Sugar  Chemists' 
Association  differs  somewhat  appreciably  from  that  of  Clerget 
and  yet  it  is  designated  *  'Clerget's  Inversion  Process. * '  While  it 
might  be  possible  for  one  to  draw  the  inference  that  the  original 
method  of  Clerget  was  employed  in  the  inversion  tests  by  reading 
isolated  excerpts  from  the  pamphlet  alluded  to,  yet  no  one  could 
legitimately  reach  such  a  conclusion  after  a  careful  perusal  of 
theyw//  report  as  originally  published. 

However,  in  further  support  of  my  statement,  I  will  quote  from 
the  proceedings  of  a  meeting  of  the  Louisiana  Sugar  Chemists' 
Association,  as  reported  in  The  Louisiana  Planter  and  published 
long  in  advance  of  the  appearance  of  Mr.  Breyer's  letter. 

In  giving  some  results  of  further  experiments  in  inversion  tests. 
I  stated  *'that  it  is  intended  to  carry  the  investigations  still 
further,  using  Clerget' s  original  method  of  inversion  instead  of 
the  one  now  generally  used." 

At  a  meeting  a  few  weeks  later,  I  stated  (as  reported  in  The 
Louisiana  Planter^ ,  in  making  a  report  of  some  more  recent  results, 
that  the  *  *  original  experiments  of  the  committee  were  not  made 
specifically  to  test  the  correctness  of  the  original  figures  of 
Clerget,  but  to  determine  what  constant  should  be  employed 
when  the  method  in  general  use  at  that  time  was  followed, 
this  process  being  given  in  the  methods  of  analysis  of  this 
association,  and  being  the  same  as  that  described  by  Tucker." 
I  also  gave  results  corroborating  those  previously  obtained,  and, 
in  addition,  reported  other  experiments  indicating  *'the  correct- 
ness of  Clerget's  original  figures,  where  Clerget's  oum  method  is 
followed  closely." 

Mr.  Breyer  quotes  from  the  methods  of  analy.sisof  the  Associa- 
tion of  Official  Agricultural  Chemists  for  1891  in  controversion 
of  my  explanation  as  to  the  omission  of  essential  changes  in  the 
conditions  of  the  inversion  process  at  the  time  the  constant  was 
changed,  but  this  is  no  refutation  of  my  statement,  as  this 
omission  would  not  have  occurred,  had  it  not  been  for  the  inad- 
vertence referred  to. 

Mr.  Breyer  also  makes  reference  to  certain  methods  of  sugar 
analysis  adopted  by  the  Association  of  Official  Agricultural 
Chemists  in  1889,  whereas,  as  a  matter  of  fact,  no  methods  of 
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sugar  analysis  were  adopted  that  year.  The  methods  of  the 
Louisiana  Sugar  Chemists*  Association  were  published  in  the 
report  of  1889,  but  it  was  clearly  stated  by  the  secretary*  that  no 
methods  having  been  adopted  by  the  Association,  the  Louisiana 
methods  were  inserted  for  provisional  use. 

With  regard  to  the  destruction  of  invert  sugar  by  hydrochloric 
acid  at  temperatures  above  70°,  to  which  reference  was  made  by 
Mr.  Breyer,  I  would  say  that  many  authorities  claim  that  a 
decomposition  takes  place  at  even  lower  temperatures.  Ost 
{Ztschr.f.  des  Vereins  /.  Rubemuckerind,,  January,  1892)  refers 
to  this  decomposition  occurring  even  in  the  Herzfeld  method  of 
inversion,  where  a  temperature  of  70°  is  not  exceeded  and  where 
the  time  of  heating  is  only  five  minutes,  so  that  it  can  not  be 
claimed  that  a  temperature  of  less  than  70°,  insures  freedom  from 
destruction  of  invert  sugar. 

Bomtrager  {Scheibler's  Neue  Ztschr.,  1892,  28,  282)  alludes  to 
the  danger  of  destruction  of  invert  sugar  by  inversion  by  the 
processes  ordinarily  employed  and  recommends  conducting  inver- 
sion in  the  cold,  using  one-tenth  volume  of  acid  as  usual. 

There  is  still  great  lack  of  unanimity  among  chemists  con- 
nected with  the  sugar  industr>',  as  to  the  exact  value  of  the 
constant  to  be  employed  in  inversion  tests,  and  also  as  to  the 
best  manner  of  execution  of  the  inversion  process. 

Lacombe  (Bull.  Assoc,  chivi,  de  Sue.  cl  Disl.^  9,  328)  claims  as 
the  result  of  a  large  number  of  tests  that  a  different  constant 
should  be  employed  in  connection  with  different  temperatures, 
a  figure  less  than  144  being  used  where  observ-ations  are  made 
at  low  temperatures,  while  a  larger  number  is  suggested  for 
temperatures  above  20°  C. 

In  conclusion,  I  would  say  that  while  I  have  recommended  the 
use  of  a  constant  different  from  that  of  Clerget  when  the  con- 
ditions of  the  inversion  process  itself  were  modified,  I  have  never, 
at  any  time,  claimed  that  a  figure  other  than  144  should  be  em- 
ployed where  Clerget's  original  and  unmodified  method  was 
followed,  Mr.  Breyer's  assertions  to  the  contrarj* ,  notwithstanding. 

B.  B.  Ross. 

Chemical  I.arokatoky,  Statf.  Univeusity. 
Baton  Rou(;e.  La. 


THE  CONCENTRATION  OF  SULFURIC  ACID 
IN  GLASS  VESSELS.' 
With  the  present  high  price  of  platinum  many  attempts  are 
being  made  in  Europe  to  dispense  with  the  platinum  still  which 
has  been  used  for  several  years  in  concentrating  sulfuric  acid. 
Manufacturers  appear  to  be  going  back  to  glass  concentrators. 
This  week  Industries  describes  a  new  glass  concentrator  which 
is  in  use  at  Levinstein's  chemical  factory  at  Manchester,  England. 
As  will  be  seen  in  the  accompanying  illustration,  ten  glass  vessels 


to  each,  ten  inches  diameter  and  twenty-one  inches  deep,  are 
arranged  on  a  terrace  T  of  Stourbridge  tiles.  The  steps  are 
twenty-four  inches  long  and  twelve  inches  wide,  and  each  step  is 
five  inches  below  the  one  above.  The  glasses  rest  on  beds  of  clean 
sand  in  cast  iron  dishes.  Each  glass  has  a  pouring  spout  which 
discharges  into  a  funnel  leading  to  the  bottom  of  the  glass  below. 
By  this  means  the  acid  circulates  throughout  each  glass  and 
the  concentration  is  thus  made  much  more  rapid  and  efficient. 
The  heating  gases  from  the  furnace  A  pass  along  the  side  flues 
I  and  enter  the  terrace  through  the  apertures  C  C^  C*  C*.  The 
heating  gases  are  prevented  from  approaching  the  surface  of  the 
acid  in  the  glasses  by  the  cast-iron  terrace  E.  After  circulating 
ronnd  the  glasses  they  pass  to  the  chimney  through  D.  The 
fumes  of  concentration  pass  up  the  lead  flues  F  to  a  coke  column 
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for  condensation.  In  case  a  glass  breaks  the  gutter  S  at  the  side 
catches  the  spilled  acid.  The  concentrated  acid  that  comes  away 
from  the  porcelain  spout  H  at  the  bottom  is  led  first  to  another 
series  of  glass  coolers  and  afterwards  to  the  usual  lead  coolers. 
The  interposition  of  the  glass  coolers  is  arranged  because  it  is 
found  that  sulfuric  acid  at  a  high  temperature  has  an  effect  on 
lead.     The  output  of  a  plant  of  this  sort  is  thirty  tons  of  acid 


per  week  ;  the  consumption  of  fuel  is  five  tons  of  coke,  and  only 
two  men  are  required  to  attend  to  it.  one  at  night  and  one  at  day. 
The  plant  works  with  success  and  more  will  be  built  of  the  same 
pattern  at  Manchester. 

NOTE  ON  THE  METHOD  FOR  THE  QUANTITATIVE 

SEPARATION  OF  STRONTIUM  FROM  CALCIUM 

BY  THE  ACTION  OF  AMYL  ALCOHOL 

ON  THE  NITRATES." 

Recent  work  on  my  method  for  the  quantitative  separation  of 
strontium  from  calcium  by  the  action  of  amyl  alcohol  on  the 
iiitratest  has  demonstrated  the  possibility  of  using  verj"  much 
smaller  amounts  of  aniyi  alcohol  in  the  boiling  than  the  amounts 
jormerly  used  (thirty  cc.  for  each  treatment).  By  the  use  of 
smaller  beakers  (fifty  cc.  capacity)  ten  cc.  of  the  alcohol  can 
be  conx'eniently  substituted  for  thirty  cc.  and  the  correction 
for   solubility   of  the   strontium   nitrate  is  thus   reduced   from 

•An,,  J.  Sci.44.*'" 
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o.ooi  gm.  on  the  oxid  to  0.0003  S^-  ^^  each  treatment,  and  the 
corresponding  amount  of  sulfate  to  be  subtracted  from  the 
calcium  sulfate  before  calculating  to  the  condition  of  oxid  is 
reduced  from  0.0017  &™-  to  0.0005  gni-  i^^  each  treatment. 

The  necessity  of  a  double  treatment,  or  the  use  of  two  portions 
of  ten  cc.  each  of  the  alcohol,  brings  the  total  correction  to 
0.0006  gm.  on  the  strontium  oxid,  and  o.ooio  on  the  calcium  as 
sulfate.  For  ordinary  work  such  a  correction  may  be  disregarded. 
The  following  tables  give  the  corrected  and  uncorrected  results : 

TABLE  I   (CORRECTION   DISREGARDED). 


SrO  taken. 

SrO  found. 

Error. 

CaO  taken. 

CaO  found. 

Error, 

grm. 

gm. 

Km. 

firm. 

gm. 

grm. 

I 

0.0570 

0.0565 

0.0005— 

0.0534 

0.0540 

0.0006-f" 

2 

0.0273 

0.0567 

0.0006 — 

0.0534 

0.0543 

0.0009 -|- 

3 

0.0585 

0.0274 

O.OOI  I — 

0.0272 

0.0276 

0.00044" 

4 

0.0568 

0.0560 

0.0008— 

0.0535 

0.0537 

0.0002-I- 

5 

0.0568 

0.0561 

0.0007— 

0.0533 

0.0535 

0.0002-4- 

6 

0.0288 

0.0280 

0.0008  — 

0.0271 

0.0272 

O.OOOI-f 

7 

0.1420 

O.1416 

0.0004— 

0.0535 

0.0544 

0.0009-I- 

8 

O.I4I9 

O.1416 

0.0003— 

0.0665 

0.0669 

0.0004-I- 

9 

0.113s 

O.I 132 

0.0003 — 

0.1066 

0.1070 

0.0004 -|- 

10 

O.I 137 

O.I  126 

O.OOI  I — 

0.1064 

0. 1070 

o.ooo6-f" 

TABI^E  II 

(CORRECTION   APPIJED). 

(Corrected). 

fCorrected). 

SrO  Uken, 

SrO  found, 

Rnnor, 

CaO  taken. 

CaO  found. 

Error, 

giti. 

gm. 

gm. 

grm. 

grm. 

grm. 

I 

0.0570 

0.0571 

O.OOOI-I- 

0.0534 

0.0536 

0.0002  4" 

2 

0.0573 

0.0573 

0.0000 

0.0534 

0.0539 

0.0005-I- 

3 

0.0285 

0.0280 

0.0005 — 

0.0272 

0.0272 

0.0000 

4 

0.0568 

0.0566 

0.0002— 

0.0535 

0.0533 

0.0002— 

5 

0.0568 

0.0567 

O.OOOI — 

0.0533 

0.0531 

0.0002 — 

6 

0.0288 

0.0286 

0.0002 — 

0.0271 

0.0268 

0.0003— 

7 

0.1420 

0.1422 

0.0002-I- 

0.0535 

0.0540 

0.0005  4" 

8 

O.1419 

0.1422 

0.0003-1- 

0.0665 

0.0665 

0.0000 

9 

O.II35 

O.I 138 

O.OOO3-I- 

0.1066 

0.1066 

0.0000 

10 

O.I 137 

0.1132 

0.0005 — 

0.1064 

0.1066 

0.0002  4" 

ATOMIC  WEIGHTS. 

Editki)  by  F.  W.  Clarke. 

Boron. — Atomic  weight  re-determined  by  W.  Ramsay  and 
Emily  Aston.  First,  by  dehydration  of  crystallized  b6rax,  with 
from  five  to  ten  grammes  of  the  salt  in  each  experiment.     The 
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percentages    of    water  found,   and    the  corresponding  atomic 
weights,  were  as  follows : 


Per  cent.  H,0. 

Atomic  weig-hL 

47.1099 

11.04 

47.1433 

10.97 

47.2026 

10.85 

47.1912 

10.87 

47.1882 

10.88 

47.1865 

10.885 

47.1524 

"0.955 

Mean,  10.921 

Secondly,  by  distillation  of  anhydrtms  borax  with  methyl 
alcohol  and  hydrochloric  acid.  In  this  way  the  borax  was  con- 
verted into  chloride,  which  was  weighed. 


Weigrbt  borax.* 

Weight  NaCl.« 

Atomic  weigrtat 

4.7684 

2.7598 

II.015 

5.2740 

3.0578 

10.925 

3.2344 

1.8727 

10.992 

4.0862 

2.3713 

10.879 

3.4970 

2.0266 

10.949 

Mean,       10.952 

*To  the  nearest  tentli  milligramme.    In  the  original  the  weights  are  carried  oat 
to  seven  decimals. 

In  a  second  series  of  distillations  the  sodium  chloride,  after 
weighing,  was  precipitated  with  silver  nitrate.  The  silver 
chloride  was  then  weighed  on  a  Gooch  filter,  and  its  ratio  to  the 
original  Na,B,0,  was  thus  ascertained.  The  results  were  as 
follows : 


Weight 

Weight. 

Atomic 

Weight. 

Atomic 

NaaB407. 

NaCl. 

weight. 

AgCl. 

weight. 

5.31 18 

3.0761 

10.983 

7.5259 

II.07I 

4.7806 

2.7700 

10.955 

6.7794 

11.024 

4.9907 

2.8930 

10.936 

7.0804 

11.003 

4.7231 

2.7360 

10.968 

6.6960 

11.039 

3.3138 

1. 9187 

10.992 

4.6931 

1 1. 091 

Mean,  10.966  Mean,       11.052 

The  authors  regard  the  second  NaCl  series  as  the  best,  and 
adopt  the  value  10.966  for  boron.  The  calculations  were  made 
with  0  =  16,  H  =  i.oo8,Na=  23.05,  CI  =  35 .45,  and  Ag=  107.92. 

— Chem.  Nervs.^  66,  92. 
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Gadolinium. — Determined  by  Bettendorff,  by  conversion  of 
the  oxide  into  sulphate. 

1.0682  gm.  GdjOj  gave  1.7779  Gd,(S04)a 
1.0580    ••        '•   '     •'     1.7611 
1.0796    "        '*         "     1.7969 
Hence,  Gd  =  156.33. 

— Ann.  Chem.^  270,  376. 
Palladium. — Keller  and  Smith,  starting  from  carefully  puri- 
fied palladium,  have  re-determined  its  atomic  weight  by  elec- 
trolysis of  palladammonium  chloride,  Pd(NH,Cl),.     Two  series 
of  experiments  gave  as  follows : 


Weight  Pd(NH,Cl)  3,  gms. 
1.29960 
1.05430 
1.92945 


FIRST  SERIES. 

Weigrht  Pd,  gm. 

0.65630 

0.53253 

0-97455 


Atomic  weight. 
106.928 
X06.918 
106.915 


Mean, 

106.920 

SECOND  SERIES. 

Weight  Pd(NH,Cl)„  gms. 

Weight  Pd,  gm. 

Atomic  weight, 

1 .94722 

0.98343 

106.894 

1.08649 

0.54870 

106.885 

1.28423 

0.64858 

106.890 

1.68275 

0.85010 

106.955 

I.69II3 

0.85431 

106.949 

1.80805 

O.91310 

106.896 

Mean,  106.911 

Both  series  combined,  106.914 

Calculated  with  H  =  i,  N  =  14.01,  CI  =  35.37. 

Two  determinations  were  also  made  by  reducing  the  Pd  (  NH.Cl) , 

to  PdS,  by  heating   in  a  stream  of  hydrogen  sulphide.     Results 

as  follows: 

0.71699  gm.  Pd(NHsCl)g  gave  0.47066  PdS;  atomic  weight,  107.07 
1.31688    "  "  '*    0.86445      "  "  '*       107.07 

These  experiments  are  regarded  as  having  only  confirmatory 
value. 

Since  the  results  obtained  are  higher  than  those  published  by 
Keiser,  who  reduced  palladammonium  chloride  by  heating  in 
hydrogen,  the  authors  repeated  his  experiments  in  order  to 
ascertain  the  causes  of  discrepancy.  Fourteen  determinations 
were  made ;  showing,  first,  that  the  unpulverized  chloride  decrepi- 
tates, so  that  material  is  lost ;  and,  secondly,  that  there  is  slight 
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volatilization   of  palladium.     Keller  and  Smith  also  introduce 
evidence  to  show  that  Reiser's  material  was  not  pure. 

— Am.Chem.J,,  14,423. 
Nickel. — The  elaborate  investigation  by  Kriiss  and  Schmidt 
upon  the  atomic  weight  of  nickel,  is  based  upon  fractional  distil- 
lation of  carefully  purified  metal,  as  nickel-tetracarbonyl,  in  a 
stream  of  carbon  monoxide.  The  distillate,  in  ten  successive 
fractions,  fu!mished  the  nickel  used  in  the  actual  determinations. 
First,  an  attempt  was  made  at  direct  comparison  with  hydrogen, 
by  measuring  the  gas  evolved  during  solution  of  the  metal  in 
acid.  The  results,  however,  gave  values  for  Ni  ranging  from 
57.7  downward  to  below  57,  and  this  line  of  attack  was  aban- 
doned. The  common  methods  of  converting  Ni  into  NiO,  and 
of  reducing  NiO  to  Ni  by  reduction  in  hydrogen,  were  finally' 
adopted.  Thus,  in  fraction  No.  i,  0.3722  gm.  NiO  gave  0.2926 
Ni,  whence  Ni  =  58.81.  In  the  same  sample,  0.5870  Ni  gave 
0.7471  NiO,  whence  Ni  =  58.66.  The  last  weighed  NiO,  re- 
duced, gave  the  original  0.5870  gm.  Ni  again,  and  58.66  as 
before  for  the  atomic  weight.  Tabulated,  the  entire  series  of 
results  is  as  follows,  apparently  with  O  =  16  : 

Ni. 


First 

fraction, 

by  reduction, 

58.81 

58.66 

if 

**  oxidation, 

58.66 

Second 

'*  reduction, 

58.25 

57.98 

t  ( 

•'  oxidation, 

58.36 

57.98 

Third 

"  reduction, 

58.30 

58.18 

58.18 

(f 

"  oxidation. 

58.44 

58.35 

58.18 

F'ourth 

**  reduction, 

58.38 

58.16 

<i 

"  oxidation. 

59.53 

58.19 

• 

Fifth 

"  reduction. 

58.26 

58.12 

(( 

'*  oxidation, 

59.56 

58.12 

Sixth 

"  reduction, 

57.50 

57.71 

(( 

•'  oxidation. 

58.48 

57.71 

Seventh 

*'  reduction. 

58.65 

57.73 

58.07 

«i 

"  oxidation, 

59.66 

58.47 

58.11 

Eighth 

"  reduction. 

59.61 

58.11 

57.97        58.07 

(1 

'•  oxidation. 

60.68 

58.42 

58.18        58.06 

Ninth 

"  reduction, 

58.35 

57.96 

(i 

'•  oxidation, 

60.25 

57.96 

Tenth 

"  reduction. 

58.27 

58.18 

(< 

"  oxidation, 

59.25 

58.18 
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The  metal  remaining  in  the  tube  after  these  ten  fractions  had 
been  distilled  ofiF,  was  dissolved  in  weak  hydrochloric  acid,  and 
the  solution,  filtered,  was  boiled  with  excess  of  potassium  cyanide. 
The  nickel  was  then  precipitated  in  five  fractions  by  bromine 
water,  and  the  oxide  thrown  down,  after  thorough  boiling  and 
washing,  was  reduced  to  metal.  The  first  and  fifth  of  these 
fractions  gave  the  following  atomic  weight  data : 

Xi. 

First  fraction,  by  oxidation,  60.34 

"  *'  reduction,  59- 1 7 

Fifth       "  •'  oxidation,  64.00 

*'  reduction,  62.98 


(•  •  ( 


Hence  the  residual  nickel,  after  the  carbonic  oxide  distillations, 
has  a  distinctly  higher  atomic  weight  than  that  which  had  been 
distilled  ofiF.  For  a  discussion  of  these  results  the  original 
memoir  must  be  consulted. 

— Ztschr.  anorg.  Chem,,  2^  235. 


NICKEL  ANALYSIS.* 

Bv  Stkphrk  H.  Kmmrns. 

The  substances  usually  submitted  to  analysis  for  the  determi- 
nation of  the  contained  nickel  may  conveniently  be  classified  as 
follows : 

I.  Regulus  and  minerals  containing  arsenic,  viz.,  spiess  and 
arseniferous  ores  of  nickel.  2.  Regulus  and  minerals  containing 
no  (or  but  little)  arsenic,  viz.,  matte,  nickeliferous  pyrrhotite 
and  non- arseniferous  ores  of  nickel.  3.  Metallic  nickel,  nickel 
steel,  German  silver,  and  other  alloys  of  nickel. 

The  principal  published  methods  of  analysis  of  these  substances 
are  summarized  in  tables  I,  II,  and  III. 

It  may  be  broadly  stated  that  none  of  the  analytical  methods 
there  set  forth  are  satisfactory  if  practiced  in  strict  accordance 
'unih  the  published  accounts ,  The  precipitation  methods  introduce 
a  serious  source  of  error  by  reason  of  the  separated  ferric  hydroxid 
carr\4ng  down  a   portion  of  the   associated  nickel  and   cobalt. 

♦  Eng.  and  Min.  Jour..  Xov.  26.  189a;  with  aii  addendum  by  the  author. 
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The  direct  electrolysis  of  an  acid  solution  containing  copper, 
iron,  nickel,  and  cobalt  cannot  be  relied  upon  to  effect  a  com- 
plete separation  of  either  the  copper  or  the  nickel  and  cobalt, 
especially  if  a  current  of  comparatively  high  voltage  {e,  g., 
from  three  Bunsen  cells  in  series)  be  employed.  And  Moore's 
volumetric  method  must  obviously  fail  in  the  presence  of  copper 
and  iron. 

In  the  absence,  then,  of  any  generally  recognized  and  accepted 
system  of  accurate  nickel  analysis,  Mr.  Charles  T.  Mixer 
(Princeton,  91),  the   chemist  of  the  Emmens  Metal  Company. 

TABLE  I. — SPEISS  AND  ARSENIFEROUS  ORES. 


Operation. 


A.  Watta—Dirttonar}'. 

1.  Fusion  with  reasrent  and  lixtviation 

with  water 

2.  Dissolve  and  filter 

3.  Nearly  neutralize 

4.  Precipitate  and  filter 

Or,  I.  Dissolve ••  • 

2.  Filter  and  heat 

3.  Nearly  neutralize 

4.  Precipitate  and  filter 

5.  Acidulate 

6.  Precipitate  and  filter 

7.  Boil,  precipitate,  and  filter 

B.  W&tts—Ih'ctionar}'  (newed.). 

I.  Dissolve  and  evaporate 

3.  Dissolve  and  filter 

3.  Boil  

4.  Precipitate  and  filter 

5.  Concentrate,  precipitate,  and  filter 
Or,  5.  Evaporate,  dissolve,  and  filter 

6.  Gasify  

7.  Precipitate  and  filter 

8.  Precipitate  and  filter 

9.  Precipitate  and  filter 


Reag^ent  employed. 


Sabatance 
separated. 


1 

1 

KNOs-l-NajCO,:  or. 

S4-K,CO, 

As 

HCl  +  HNO, 

SiOd-infx>l. 

1        Na,CO,  or  (NH4)»CO,        1 

,    CHj|CO,Na  or  CH,CO,NH4   ' 

Fc 

HNO,  +  HCl 

1 

SiOt+insol. 

Na,COs 

CH,CO,Na  +  Fe,CU 

As  +  Fe 

HCl 

H,S                         ' 

Cu 

Na,COj 

1 

Ni  +  Co 

'                                                         1 
!                  HNOa-fHCl                  1 

HCl                          i 

SiO,-fin9ol. 

,                    NaHSO,* 

1                          H.S 

As+Cu 

c,04H,            ; 

Ni-fCo 

HjO 

CI                        1 

BaCO,                      1 

Fe+Co 

H,S04 

Ba 

Na,CO, 

Ni 

♦  To  reduce  AsgO^  to  As,Os. 


NICKEL    ANALYSIS. 


645 


TABLE  II. — MATTE,  PYRRHOTITE,  AND  NON-ARSENIPEJiLOUS  C»tBS. 


Operation. 


A.  Presenilis  (Allen  and  Johnson) . . . . 

1.  Dissolve  and  filter 

2.  Precipitate  and  filter 

3.  Penuddize,  precipitate,  and  filter. 

4.  Dissolve  the  precipitate 

5.  Precipitate  and  filter 


Reasfent  employed. 


6.  Repeat4  and  5 

7.  Alkalinize  the  combined    filtrates 

fromj,  5,  and  6 

8.  Acidify  slightly,  precipitate  and  fil- 

ter  

B.  Cheney  and  Richaido 

I.  Dissolve  and  filter 

3.  Precipitate  and  filter 

3.  Peroxidize  and  iKg^in  to  precipitate 

4.  Dissolve  

5.  Boil,  precipitate,  and  filter 

6.  Boil,  add  reagrent  until  odor  of  NH^ 

is  distinct,  filter 


7.  Dissolve  the  precipitate 

8.  Alkalinize  and  electrolyse 

C.  Sutton— Ko/.  Anal.,  6th  ed.,  p.  166. 

I.  Dissolve  and  filter 

3.  Nearly  neutralize 

3.  Dilute 

4.  Precipitate  and  filter 


D.  Moore. — Sutton's  yol.  Anal.,  p.  324. 

I.  Dissolve  and  filter 

3.  Precipitate  and  dissolve 

3.  Acidify  faintly 

4.  Alkalinize  distinctly 

5.  Convert  the  blue  color  into  a  yellow- 

ish tint '• 

6.  Chang^e  to  violet  brown 


7.  Destroy  color. 


HNO,  -H  H,S04 

H,S 

HNO,-f  NH, 

HCl 

NHj  +  Na^CO,  (or 

(NHJ.COs  +  CHjCO.H)  J 


NH, 

HCl  -)-  H,S 

HNO,  +  HCl 

H,S 

HNOa  +  NHj 

CH»COaH 

Cone.  sol.  of  HNaflP04 

KHO 

H,S04 
NH, 

HNO,;  or,  HNO,-f-HCl 

Na,CO, 

HtO  (cold) 

Freshly  precipitated  BaCO, 

+  NH4CI 

HNO,-f-HCl 

Na4P,07 

HCl 

NHj, 

Standardized  sot.  of  KCN 
Precipitate  from  CUSO4  -f 
K4Pe(CN)e  dis.  in  sol.  of 

(COONH4), 
Standardized  sol.  of  KCN 


Substance 
separated. 


6iO,  +  insol 
Cu 


Fe 


Nl+Co 

SiO,-f-iusDl. 
Cu 

Fe 

(Ni-)- Co)  phos- 
phate 

Ni-fCo 

SiO,  -f  insol. 


Cu  +  Pe 
8iO,  + insol. 


E.  Sperry — Peters'  Afodern  Copper  Smelt- 
ing. 

1.  Dissolve  and  evaporate 

2.  Dissolve  and  filter 

3.  Electrolyze    


Determination 
of  Ni 


HN0,H-H»S04 
HNOj  H-  H,S04  +  H,0 


SiO«  -f  insol. 
Cu 
Ni 
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TABLE  in.— METALLIC  NICKEL,  NICKEL  STEEL,  GERMAN  SILVER, 

AND  ALLOYS. 


Operation. 


A.  Thorpe— /l»/«rf  Chemistry. 

1.  Dissolve  and  evaporate 

2.  Dissolve  and  filter 

3.  Precipitate  and  filter 

4.  Precipitate  and  filter 

5.  Precipitate  and  filter 

B.  Clowes  and  Coleman. 

1.  Dissolve  and  evaporate 

2.  Dissolve  and  filter 

3.  Precipitate  and  filter 

4.  Add  reagent  till  precipitate  begins 

and  dissolve 

5.  Precipitate  and  filter 

6.  Acidify  and  boil 

7.  Precipitate  and  filter 


Substance 

Reagent  employed. 

separated. 

HNO,4-HCl 

HCl 

C+tnsol. 

H,S 

Cu 

CHjCOjNa  4-  CH,CO,NH4 

Fe+Al 

H,S 

Ni  +  Co 

HNO3 

H,0 

SnO, 

H,S 

Cu 

NaaCO,  +  Ha 

CH,CO,NH4-fH,S 

Zn 

HCl 

NaOH 

Ni+Co 

has,  in  conjunction  with  myself,  devised  the  following  methods, 
which  we  find  to  be  sufficiently  trustworthy  for  all  technical  and 
commercial  purposes. 

METHOD  A.— -FOR  SUBSTANCES    HIGH  IN    NICKEL  AND  LOW  IN  COPPER 
AND  IRON—^.  J(.y  METALLIC  NICKEL,  BESSEMERIZED  MATTE, 

NICKEL  OXID,  ETC. 


Operation. 


i^  Dissolve  (about  2  gins.)  and  evap- 
orate   

2.  Dissolve  and  filter 

3.  Precipitate  and  filter 

4.  Dissolve  the    washed    precipitate 

and  evaporate  till  white  fumes  are 
produced 

5.  Dissolve  and  electrolyEC 

6.  Boil  filtrate  from  3  and  peroxidise. . 

7.  Cool  and  make  solution  up  to  400  cc. 

8.  Boil  i  of  7.  precipitate  and  filter. . . 

9.  Re-dissolve  the  precipitate 

10.  Precipitate  and  filter 

11.  Dissolve    and     reduce     the    well- 

washed  precipitate 

12.  Titrate 

13.  Precipitate  and  filter  y\,  (40  cc.)  of  7 

14.  Dissolve  the  washed  precipitate... 

15.  Make  alkaline 


Reagent. 


Separatioa. 


HNO,  +  HCl,  or  fusion  with 

KHSO4 

HC1  +  H,0 

H,S 


HNOs-f  H,S04 
H,0  +  HNO, 

HNOs 
H,0 
NHs 

HCl 
NHs 

H,S04  +  Zn 

KMn04 

NaOH 

Dilute  H,S04 

NH, 


SJO»,  C,  etc. 
CuS 


Cu 


Fe 


16.  Electrolyze 


Ni-fCo 
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METHOD  B. — FOR  SUBSTANCES   HIGH   IN   IRON  AND  LOW   IN   NICKEL — 
e.g.,  PYRRHOTITE  AND  ONCE-RUN  MATTE. 


Operation. 


>  Same  as  in  Method  A. 


I. 
2. 

3. 
4. 

5. 
6, 

7.  Precipitate  and  filter 

8.  Boil  the  washed  pp.  and  re-filter. . . 


9.  Precipitate  and  filter 

10.  Add  togefher  the  filtrates  from  7 ' 

and  9,  evaporate  to  small  bulk.  \ 
precipitate  and  filter 

11.  Dissolve  the  washed  pp 

13.  Make  alkAline 

13.  Electrolyste 


Reagreut. 


NH, 

H«0  made  faintly  acid 

with  H,S04  or  HCl 

NH«ClH-NHa 

NaOH  in  larg^e  excess 

Dilute  H^SO^ 
NH, 


Separation. 


Cu 


Pe,Oa.H,0 

Pe,09,HaO 
Fe,0„H,0 


Ni  +  Co 


Method  C. — Qualitative  examination  of  pyrrhotite  and  other 
lean  ores  of  nickel. 

1 .  Reduce  to  fine  powder. 

2.  Dissolve  \naqua  regia ;  evaporate  to  dryness;  dissolve  in 
HCl  and  H,0 ;  filter  off  fpom  gangue  and  insoluble  matter. 

3.  Pass  H,S  through  the  solution  to  remove  Cu. 

4.  Boil  free  of  H,S ;  peroxidize  witli  HNO,. 

5.  Precipitate  the  Fe  with  NH^;  boil;  add  HCl  until  the 
supernatant  liquid  is  faintly  acid ;  boil  sharply  for  ten  minutes. 

6.  Make  strongly  alkaline  with  NH,  and  note  the  color  of  the 
supernatant  solution.  If  it  be  distinctly  blue  the  percentage  of 
nickel  in  the  ore  is  commercially  important. 

7.  If  the  solution  be  colorless,  filter  and  boil  down  to  a  small 
bulk  free  from  the  odor  of  NH,.  Then  add  a  few  drops  of  a  solu- 
tion of  potassium  sulfo- carbonate,  which  will  give  a  pink  colora- 
tion if  there  be  any  trace  of  nickel  in  the  ore. 

N.  B. — Test  7  is  also  useful  for  determining  when  the  elec- 
trolytic separation  of  the  Ni  is  complete  in  methods  A  and  B. 
We  find  that  the  reaction  is  best  observed  when  the  solutions  are 
neutral  instead  of  being  alkaline  as  recommended  in  text-books. 

A  distinguishing  feature  of  our  process  is  the  treatment  of  the 
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precipitated  ferric  hydroxid  with  a  minute  quantity  of  acid. 
This  has  the  effect  of  dissolving  any  Ni  or  Co  hydrate  that 
may  have  been  carried  down  with  the  iron ;  and  it  is  more  effi- 
cient than  the  numerous  tedious  and  troublesome  repetitions  of 
solution,  precipitation,  filtration,  and  washing  necessitated  by  the 
older  methods.  At  first  sight,  indeed,  it  may  be  doubted  whether 
sulfuric  01  hydrochloric  acid  vnll  unite  with  nickel  in  prefer- 
ence to  iron,  seeing  that  the  latter  metal  oxidizes  more  energeti- 
cally than  the  former ;  but  the  following  thermo-chemical  data 
(taken  from  Muir  and  Wilson's  Thermal  Chemistry),  will  make 
the  matter  clear : 

Heat  grenerated 
per  fortnnla  weisrht. 
Reaction.  Units. 

Fe -h  O  4- SO.  Aq 93,200 

Ni -h  O -h  SO,  Aq 86,950 

Fe  -h  CI2  -h  Aq 99.95© 

Ni  -f  CI,,  4-  Aq 93.700 

Fe-j-O  +  H^O 68,280 

Ni -f  O -h  H.,0 60,840 

It  results  from  these  figures  that  the  heat  of  formation  of  one 
molecule  of  ferrous  sulfate  by  the  union  of  ferrous  hydroxid  and 
dilute  sulfuric  acid  is  93,200-^68,280=  24,920  units;  while  that 
of  nickel  sulfate  formed  by  the  union  of  nickel  hydrate  with  dilute 
sulfuric  acid  is  86,950 — 60,840=26,110  units.  Under  these 
conditions,  therefore,  Berthelot's  law  of  maximum  work  calls  for 
the  formation  of  nickel  sulfate  in  preference  to  ferrous  sulfate. 
If  HCl  be  the  acid  the  figures  are : 

Units. 

Fortnation  of  nickel  chlorid 93,700  —  60,840  =  32,860 

*•    ferrous     "         99,95o  —  68,280  =  31,670 

In  the  particular  case  under  consideration  the  replacing  power 
of  nickel  is  still  more  marked,  as,  owing  to  the  iron  being  per- 
oxidized,  its  basic  efficiency  is  lessened.  The  heat  values  per 
formula  weight  of  acid,  as  given  by  Berthelot  (MScaniq%ie 
Chimique,  1,  384)  are: 

Units. 

Formation  of  ferric  chlorid 11 ,800 

•♦      sulfate 11,400 

In  concluding  these  brief  notes  I  may  remark  that  the  text 
books  contain  verj*^  few  examples  of  the  analyses  of  commercial 
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nickel,  matte,  etc.  I  therefore  add  the  table  4  above,  which  will 
serve  to  indicate  the  general  character  of  the  substances  that  the 
nickel  analyst  is  called  upon  to  examine  nowadays. 

ADDENDUM. 

In  operation  8  of  method  B  Mr.  Mixer  finds  that  the  best  results  are  obtained  by 

adding:  dilute  acid,  drop  by  drop,  to  the  boiling:  precipitate  until  the  iron  bepns  to  be 

attacked.    If  this  be  done  so  that  only  a  small  quantity  of  the  iron  enters  into  solation. 

operation  9  becomes  unnecessary  and  the  whole  solution  may  be  added  to  the  filtrate 

from  7,  the  ultimate  presence  of  a  little  floating:  ferric  hydrate  being:  unimportant    We 

have  also  discovered  that  a  solution  of  ferric  sulfate  may  be  used  instead  of  dilute  acid 

for  extracting:  the  nickel  from  the  precipitated  iron.    The  feasibility  of  this  is  shown  by 

the  following:  thermal  values  : 

Calories. 

Fe,Oj-f  3H,S04  Aq 34.3oo 

3Ni(OH),-|-3H,SO,  Aq T^.^j/o 


ON  THE  PROPERTIES  OF  HYDROGEN  PEROXID 

SOLUTIONS.* 

By  Hknry  p.  Talbot  and  Herbrrt  R.  Moody.  S.  B. 

The  information  to  be  found  in  the  present  literature  of  hydro- 
gen peroxid  regarding  either  the  preparation  of  concentrated 
solutions  of  that  reagent,  or  the  properties  of  such  solutions  after 
their  preparation,  is  meager  and  unsatisfactor>\ 

Thenard,t  the  first  to  identify  this  chemically  interesting 
substance,  concentrated  the  dilute  solutions  which  he  obtained 
by  evaporation  in  vacuo  over  sulfuric  acid.  He  succeeded  in 
attaining  a  high  degree  of  concentration,  but  this  method  is  not 
suitable  for  the  treatment  of  large  quantities  of  solution.  Since 
Thenard's  work,  the  most  important  contribution  to  this  branch 
of  the  subject  is  that  made  by  Hanriot.J  He  found  that  on 
partially  freezing  a  solution  of  hydrogen  peroxid  the  liquid 
remaining  after  the  removal  of  the  ice  contained  a  larger  pro- 
portion of  peroxid  than  the  original  solution,  and  took  advantage 
of  this  fact  as  a  means  of  concentration.  In  this  way  he  obtained 
solutions  which  would  yield  of  themselves  seventy  to  eighty  times 
their  own  volume  of  oxygen  upon  complete  decomposition. 

Hanriot  subsequently  found§  that  dilute  solutions  of  hydrogen 
peroxid  could  be  concentrated  by  distillation  at  greatly  reduced 
pressures  'wnthout  serious  loss  by  decomposition ;  and  in  this  way, 

•  From  the  Technoloirv  Quarterly. 

tAnn.  chini.  phys..  [2]  10  (iR  18), '114,  335;  ix  (1819).  85. 

t  Compt.  rend.,  xoo  (iRHs).  57. 

ICompt.  rend.,  100  (1S85).  172. 


PROPERTIES  OF   HYDROGEN   PEROXID   SOLUTIONS.        65 1 

under  a  pressure  of  three  mm.,  he  obtained  a  solution  which 
would  evolve  267  times  its  own  volume  of  oxygen,  and  states 
that  no  appreciable  decomposition  takes  place  below  150  volumes. 

The  writers  of  the  present  article  have  had  occasion  to  deal 
with  commercial  solutions  and  to  prepare  from  them  concentrated 
solutions  in  considerable  quantities.  The  facts  here  presented 
are  those  which  have  been  observed  during  the  prog^ss  of  this 
work,  which  have  a  bearing  upon  the  questions  in  hand. 

The  commercial  solutions  found  on  the  market  varied  in 
strength  from  eighteen  volumes  to  twenty-three  volumes,  if  only 
those  are  included  which  were  known  to  have  been  freshly  pre- 
pared.    Others  were  found  which  were  as  low  as  eight  volumes. 

Kingzett*  has  called  attention  to  the  variations  in  custom  as 
regards  the  expression  of  the  value  of  solutions  of  hydrogen  per- 
oxid.  He  states  that  a  fifteen- volume  solution  is  properly  **  one 
which  of  itself,  by  complete  decomposition,  will  furnish  fifteen 
times  its  own  volume  of  oxygen  at  ordinary  temperature  and 
pressure  * ' ;  but  he  points  out  that  the  American  custom  designates 
as  a  fifteen- volume  solution  one  which  will  evolve  fifteen  times 
its  own  volume  of  that  gas  when  brought  into  contact  with  a  sub- 
stance which  itself  furnishes  one  half  the  volume  of  oxygen.  It 
is  evident  that  the  latter  solution  has  but  one-half  the  strength 
of  the  former.  Since  the  latter  method  of  expression  is  that  used 
commercially,  it  will  be  employed  throughout  this  article ;  but 
attention  is  called  to  the  fact  that  for  purposes  of  oxidation  the 
amount  of  available  oxygen  is  but  one-half  that  indicated  by  the 
commercial  name. 

A  suggestion  made  by  Dr.  F.  H.  Williams,  that  the  strength 
of  solutions  should  be  uniformly  expressed  in  percentage  of 
hydrogen  peroxid,  is  one  which,  if  generally  adopted,  would 
avoid  the  confusion  now  existing,  and  would  be  more  readily 
understood  by  physicians,  t 

In  view  of  the  fact  that  hydrogen  peroxid  is  generally  recom- 
mended as  a  useful  reagent  in  analytical  chemistry,  it  is  desirable 
that  something  should  be  known  regarding  the  purity  of  the  solu- 

•  Journal  of  the  Society  of  Chemical  Industry,  9^1^90).  4. 

t  It  may  be  noted  here,  for  purposes  of  comparison,  that  a  20-volume  solution  (as  the 
term  is'used  in  this  article),  contains  2.9  per  cent,  of  hydrogen  peroxid  ;  a  50-volume  solu- 
tion, 6.9  per  cent.,  and  a  loo-voIume  solution.  13.4  per  cent.,  by  weigrht. 
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tions  which  are  readily  available.  Of  the  eight  commercial  sam- 
ples examined,  none  were  suitable  for  analytical  purposes  without 
purification,  and  most  were  so  impure  that  their  use  would  be  ill- 
advised  even  though  blank  analyses  had  been  made.  They  con- 
tained hydrochloric,  sulfuric,  phosphoric,  and  hydrofluosilicic 
acids,  sugar  and  glycerin.  The  two  latter  substances  were  pres- 
ent in  largest  amounts  in  the  sample  prepared  for  medicinal  use. 
Barium,  calcium,  aluminum,  and  magnesium  were  also  found. 

The  amount  of  phosphoric  acid,  as  found  by  precipitation  with 
ammonium  molybdate  and  reprecipitation  as  magnesium  ammo- 
nium phosphate,  was  in  one  sample  0.16  per  cent.,  in  another 
0.13  per  cent,  of  the  solution  by  weight;  an  amount  capable  of 
doing  much  mischief  in  analytical  work. 

Fifty  cubic  centimeters  of  a  commercial  sample  evaporated  on 
a  water  bath  left  a  residue  weighing  0.0588  gm.,  of  which  0.0418 
gm.  remained  after  ignition.  This  sample  contained  sulfuric, 
phosphoric  and  hydrofluosilicic  acids  and  barium.  A  sample 
intended  for  medicinal  use  yielded  a  syrupy  residue  on  evapora- 
tion, the  amount  from  fifty  cc.  weighing  0.4400  g^. ;  at  130°  C. 
it  was  still  sjrrupy,  but  had  the  odor  of  caramel,  and  the  weight 
had  fallen  to  0.4195  gm. ;  upon  ignition  over  a  Bunsen  burner 
glycerin  distilled,  and  the  sugar  was  charred  and  burned,  the 
residue,  after  treatment  with  ammonium  nitrate,  being  white,  and 
weighing  0.0164  gm.     This  residue  was  largely  barium  chlorid. 

The  presence  of  hydrofluosilicic  acid  in  these,  solutions  is  also 
a  menace  to  analytical  work  since,  upon  subsequent  neutralization 
of  the  acid,  the  precipitation  of  an  insoluble  hydrofluosilicate  or 
of  silicic  acid  takes  place,  either  of  which  is  likely  to  interfere 
with  gravimetric  p4-ocesses.  The  amount  of  hydrofluosilicic  acid 
found  in  one  sample — a  twenty-two- volume  solution — was  0.05 
per  cent,  of  the  solution  by  weight.  The  acid  was  precipitated 
and  weighed  as  potassium  silicofluorid,  and  was  also  determined 
from  the  amount  of  silica  present. 

An  order  placed  with  one  of  the  manufacturers  for  a  prepar- 
ation of  hydrogen  peroxid  which  should  be  suflSciently  pure  for 
analytical  purposes  resulted  in  the  production  of  a  solution  which 
was  free  from  phosphoric  acid,  and  yielded  but  0.0049  gm.  of 
ignited  residue  from  fifty  cc.  of  the  sample.     The  amount  of  silica 
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found  was  0.0026  per  cent, ,  and  only  minute  quantities  of  calcium 
and  aluminum,  with  a  little  organic  matter,  were  present.  This 
sample  might  have  been  used  for  analytical  purposes  without 
further  purification. 

As  a  method  of  purification  of  the  commercial  solutions,  the 
following  was  found  most  succssful :  The  solution  was  treated 
with  about  ten  per  cent,  by  volume  of  alcohol,  after  which  barium 
hydrate  in  powder  was  added  to  distinctly  alkaline  reaction.  The 
precipitate,  containing  most  of  the  impurities,  was  then  filtered 
off  with  the  help  of  a  gentle  suction,  using  a  porcelain  filter  plate, 
and  the  excess  of  barium  removed  by  the  addition  of  sulfuric 
acid  in  excess.  The  barium  sulfate  was  allowed  to  settle,  and 
the  supernatant  liquid  quickly  filtered  as  before.  The  loss  of 
peroxid  is  small  if  the  first  filtration  is  hastened,  thereby  reduc- 
ing the  time  during  which  the  solution  remains  alkaline.  By 
this  method  the  amount  of  silica  was  reduced  from  0.028  per 
cent,  to  0.003  per  cent,  of  the  solution  by  weight.  The  alcohol 
may  be  removed  by  distillation  at  reduced  pressure,  and  the 
residual  solution  may  then  be  used  for  analytical  purposes  with-  * 
out  further  precaution  than  the  customary  blank  analysis.  The 
barium  hydrate  used  should  be  as  free  from  carbonate  as  possible. 

It  was  subsequently  found  that  a  solution  thus  treated  could 
be  further  purified  by  distillation,  but  only  at  a  great  sacrifice  of 
material.     This  will  be  referred  to  again. 

The  addition  of  ferric  chlorid  and  subsequent  precipitation 
with  barium  hydrate  cannot  be  employed  as  a  means  of  purifi- 
cation, since  the  formation  of  ferric  hydrate  in  the  solution  causes 
prompt  and  complete  decomposition  of  the  peroxid  which  the  pre- 
vious addition  of  alcohol,  ether,  or  their  mixture  does  not  hinder. 

It  was  found  that  the  concentrated  solutions  containing  phos- 
phoric and  hydrofluosilicic  acids,  when  shaken  with  ether,  gave 
up  a  portion  of  these  acids  together  with  the  peroxid.  Purifi- 
cation by  this  means,  therefore,  was  not  possible.  Experiments 
proved  that  for  practical  purposes  concentration  by  distillation  at 
reduced  pressure  is  preferable  to  freezing.  The  distillations 
were  made  in  glass — an  ordinary  round-bottomed  flask  or  a  boil- 
ing flask,  a  Liebig  condenser  and  glass  receiver  comprising  the 
apparatus.  The  stoppers  were  of  rubber.    For  distillations  at  pres- 
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sures  less  than  that  of  the  atmosphere  the  apparatus  was  connected 
with  a  suction  pump  capable  of  reducing  the  pressure  to  thirty  or 
forty  mm.  To  prevent  violent  bumping,  it  was  usually  necessary 
to  insert  a  capillary  tube  and  draw  a  slow  current  of  air  through 
the  solution  in  the  boiling  flask.  This  bumping  is,  in  itself,  an  evi- 
dence that  the  decomposition  of  the  peroxid  is  slight.  To  prevent 
decomposition  by  over-heating,  the  flask  was  placed  in  a  water  bath. 

The  rate  at  which  the  solutions  concentrate  under  varying  con- 
ditions may  be  learned  from  the  tables  below.  The  column 
marked  *  *  Per  cent,  total  loss  * '  expresses  the  percentage  of  hydro- 
gen peroxid  which  the  solution  has  lost  during  the  distillation, 
and  is  calculated  upon  the  theoretical  concentration,  which,  in 
turn,  is  estimated  from  the  decrease  in  volume  of  the  solution  in 
the  boiling  flask,  and  takes  no  account  of  the  small  quantity  of 
peroxid  which  passes  into  the  distillate.  The  commercial  solu- 
tion employed  was  a  twenty- volume  solution,  containing  as 
impurities,  phosphoric,  hydrofluosilicic,  sulfuric,  and  hydrochloric 
acids,  and  a  small  quantity  of  iron. 

The  rate  of  concentration  of  the  residual  solution  in  the  boiling 
flask  was  determined  by  titration  with  potassium  permanganate. 
One  cubic  centimeter  was  removed  with  a  pipette,  diluted  laith 
fifty  to  seventy-five  cubic  centimeters  of  distilled  water,  acidified 
with  sulfuric  acid,  and  titrated  to  the  customary  end  point.  This 
was  the  method  employed  in  all  determinations  mentioned,  and 
a  comparison  of  this  method  with  a  gas-volumetric  process  will 
be  made  at  the  close  of  the  article. 

CONCRNTRATION  BY  DISTILLATION. 


1 

I. 

AT  ATMO«*PHKRIC  rRKSSrRK. 

II. 
UNDRR  PRESSURE  OP  390  MM. 

Vol.  Of 
Distil- 
late. 
cc. 

Stretifirth 

of 

Distillate. 

vols. 

Strenjfth 

of 

Residual 

Solution, 

vols. 

Per  cent. 
Total  loss. 

1 

Vol.  of 
Instil- 
late, 
cc. 

Strengrth 

of 

Distillate, 

vols. 

strength 

of 
Residual 
Solution, 

\'OlS. 

Per  cent. 
Total  loss. 

65 
65 
65 

65 
50 

0.6 

0.6 

0.5 
0.6 
0.8 
2.24 

16.5 
30.9 
21.2 
26.5 

32.5 
81.0 

1 
30.6 

2Q.3 

45-6 

53.5         , 
69.5         1 
70.4 

60 
'      .so 
1      so 
'      .so 

50 

1         AQ 

0.6 
0.8 
0.6 

0.5 

0.8 

0.8 

32.9 
26.2 
30.2 

3S.5 
43.2 

52,8 

0.0 
4.7 

8.4 
>6.o 

40.5 

1         ^u                      -..— 
1         20                       T    * 

1 

... 

Origrinal  volume  =  400  cc. 
Original  strength  r=  20  vols. 
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III. 

UNDER  PRESSURE  OP  I40  MM. 

1 

IV. 
UNDER  PRESSURE  OP  30  MM. 

Vol.  of 
Distil- 
late, 
cc. 

Strength 

of 

Distillate. 

vols. 

Strength 

of 

Residual 

Solution, 

vols. 

1 

1 

Per  cent. 
Totol  loss. 

Vol.  of 
Distil- 
late, 
cc. 

50 
50 
50 
50 
50 
50 

50 

strength 

of 

Distillate, 

vols. 

0.9 
0.9 
0.9 
0.9 
0.9 
1.3 
9.4 

Strength 

of 

Residual 

Solution, 

vols. 

Per  cent. 
Total  loss. 

55 
55 
55 
55 

60 
20 

0.8 
0.8 
1.2 
2.0 

6.3 

26!8 
30.8 

390 
63.6 

189.4 

0.0         ; 
0.8 

9.4 
12.1 

4.6 

7.0        , 

22.0 

29.6 

.^7.8 
49.8 
77.2 

151-2 

2.7 
5-0 

5.5 
7-7 

li 

Original  volume  =  400  cc. 
Original  strength  =  20  vols. 


Original  volume  =  400  cc. 
Original  strength  =  19.84  vols. 


CONCENTRATION  BY  DISTII^LATION. 


V. 

VI. 

AT  ATMOSPHERIC  PRESSURE  WITH  THE      ' 

AT  390  MM.   PRESSURE  WITH  THE  ADDITION 

ADDITION  OP  PHOSPHORIC  ACID. 

OP  PHOSPHORIC  ACID. 

Vol.  of 

Strength 

Strength 

of 

Residual 

Solution, 

vols. 

Vol,  of 

Strength 

Strength 

of 

Residual 

Solution, 

vols. 

Distil- 

Per cent. 

Distil- 

Per cent. 

late, 
cc. 

Distillate, 
vols. 

• 

Total  loss. 

late, 
cc. 

Distillate, 
vols. 

Total  loss. 

60 

0.6 

21. 1 

10.8 

40 

0.6 

21.5 

4.0 

60 

ti 

24-5 

15.0 

50 

0.6 

22.3 

13-9 

60 

27.9 

23.5 

50 

0.9 

26.5 

14.2 

60 

0.8 

35.6 

29.2 

50 

1.3 

3^5 

18.0 

65 

1-9 

^■^ 

35.9 

5° 

0.9 

37.8 

24.7 

60 

3- J 
8.5 

69.0 

70.0 

60 

1-9 

53-9 

32.9 

25 

0.3 

99.9 

50 

4.1 
19.2 

107.3 
6.3 

3.1.2 
99.8 

,1      ^0 

Original  volume  =400  cc. 

< 

Original  strc 

'ngth  =  2 

!0.3  vols. 

It  is  obvious  that  the  figures  representing  the  loss  by  decom- 
position in  these  tables  must  be  approximate  only,  since  this  is 
influenced  by  the  amount  of  mechanical  agitation  of  the  solution 
and  the  length  of  time  which  it  has  stood  at  the  temperature  of 
the  laboratory  previous  to  distillation.  Another  factor  which 
influenced  the  results  when  the  distillation  was  made  at  very  low 
pressure,  was  the  removal  of  uncondensed  steam  through  the 
suction  pump,  the  low  temperature  at  which  the  solution  boil^ 
(36**  C.  for  thirty  mm.  pressure),  making  it  difficult  to  effect 
complete  condensation.  Tables  I  to  IV,  inclusive,  show  approxi- 
mately the  rate  of  concentration  under  varying  conditions,  and 
demonstrate  the  fact  that  strong  solutions  may  be  prepared  by 


656        PROPERTIES  OF   HYDROGEN   PEROXID   SOLUTlOtffS. 

distillation  at  a  pressure  of  thirty  to  forty  mm.  without'  serious 
loss.  The  addition  of  certain  non-volatile  substances  as  pre- 
servatives during  distillation  was  not  attended  with  a  large  degree 
of  success.  Sulfuric  acid,  boracic  acid,  phosphoric  acid,  and 
glycerin  were  each  tried;  but,  of  these,  phosphoric  acid  alone 
appeared  to  hinder  decomposition,  and  that  only  within  certain 
limits,  as  shown  by  Tables  V  and  VI.  At  the  lower  pressure 
the  results  are  more  favorable  than  in  the  absence  of  the  acid, 
until  the  solution  is  highly  concentrated.  Ten  cubic  centimeters 
of  a  saturated  solution  of  phosphoric  acid  were  used  in  the  first 
case  (Table  V),  and  five  cubic  centimeters  in  the  second.  Of 
the  action  of  the  remaining  acids  and  glycerin  it  may  be  said 
that  they  appear  to  hinder  decomposition  only  at  the  first,  after 
which  they  increase  rather  than  lessen  the  loss.  It  may  be  men- 
tioned that  the  presence  of  an  excess  of  caustic  alkali  or  ammonia 
causes  prompt  and  complete  decomposition  of  the  peroxid. 

The  figures  given  in  Tables  III  and  IV  show  that  appreciable 
quantities  of  hydrogen  peroxid  pass  into  the  distillates  as  the 
solution  in  the  boiling  flask  concentrates.  This  fact  may  be 
utilized  as  a  method  of  purification  of  the  peroxid  solutions  from 
most  of  the  foreign  ingredients.  It  is  not  wholly  successful,  since 
the  hydrofluosilicic  acid  is  present  in  su9h  large  quantities  that, 
at  the  point  at  which  the  peroxid  begins  to  pass  over  in  any  con- 
siderable quantity,  this  acid  is  decomposed  and  silicon  fluorid 
passes  into  the  distillate  with  the  re-formation  of  hydrofluosilicic 
acid.  This  was  made  evident  by  the  accumulation  of  silicic  acid 
in  the  condenser  from  the  partial  decomposition  of  the  silicon 
fluorid  by  condensed  steam.  The  distillate  is  free  from  other 
impurities  than  the  hydrofluosilicic  acid,  and  by  a  second  concen- 
tration a  very  pure  solution  could  doubtless  be  obtained,  but  at 
a  great  sacrifice  of  material.  By  subjecting  the  filtrate  from  the 
precipitation  with  barium  hydrate  in  the  presence  of  alcohol,  as 
already  described,  to  distillation  at  reduced  pressure,  it  is  easy 
to  obtain  a  distillate  which,  while  weak,  contains  a  minute 
quantity  of  hydrofluosilicic  acid.  It  may  be  concentrated  after 
the  addition  of  such  a  quantity  of  sulfuric  acid  that,  when  con- 
centrated to  a  twenty-volume  solution,  it  shall  contain  about  0.2 
per  cent,  by  weight  of  the  acid. 


PROPERTIES   OF   HYDROGEN    PEROXID   SOLUTIONS.         657 

The  statement  is  made  by  Hanriot*  that  pure  hydrogen 
peroxid  gives  an  acid  reaction ;  but  distillates  prepared  as  just 
described,  capable  of  evolving  nine  volumes  of  oxygen,  are  but 
very  feebly  acid  (which  may  be  accounted  for  by  the  presence  of 
hydrofluosilicic  acid  and  hydrofluoric  acid  in  very  small  quan- 
tities), and  when  made  neutral  by  a  drop  of  an  alkali  solution 
remain  so,  even  though  the  amount  of  peroxid  is  undiminished. 
It  appears  to  us  that  the  statement  of  Hanriot  cannot  be  correct, 
although  he  claims  to  have  proved  the  absence  of  acid  in  the 
solutions  tested. 

The  data  already  presented  make  it  evident  that  the  prepar- 
ation of  concentrated  solutions  of  hydrogen  peroxid  from  the 
commercial  solutions  is  a  matter  of  but  little  difl&culty,  unless  the 
complete  absence  of  foreign  matter  is  required.  The  writers 
have  prepared  considerable  quantities  of  solutions,  var>'ing  in 
strength  from  thirty  to  five  hundred  and  eighty-eight  volumes. 
It  has  generally  been  found  expedient  to  concentrate  the  solution 
to  about  fifty  volumes  before  making  any  attempt  to  purify, 
unless  the  purification  is  accomplished  by  precipitation  with 
barium  hydrate,  in  which  case  the  precipitation  must  precede  the 
concentration.  A  convenient  procedure  by  which  the  impurities 
may  be  largely  removed  is  the  following :  The  solution  is  made 
neutral  with  caustic  potash  (as  free  from  carbonate  as  possible), 
and  the  precipitate  of  silica,  potassium  silicofluorid  and  other 
impurities  is  allowed  to  settle.  This  takes  place  promptly. 
The  supernatant  liquid  is  then  decanted  through  a  ribbed  filter, 
and  the  last  portion,  which  contains  the  precipitate,  and  there- 
fore filters  slowly,  is  rejected,  or  preserved  for  re-concentration 
if  necessary.  In  this  way  a  solution  is  obtained  w^hich  is  free 
from  most  of  the  original  impurities,  but  contains  potassium  salts 
of  the  acids  present.  The  filtered  liquid  should  be  made  acid 
with  sulfuric  acid  as  soon  as  filtered,  to  prevent  the  decomposition 
of  the  peroxid  in  neutral  solution,  and  the  amount  of  acid  added 
to  a  fifty- volume  solution  should  be  about  0.5  per  cent,  by  weight. 
An  equivalent  amount  of  hydrochloric  acid  may  be  substituted 
for  the  sulfuric  acid. 

In  the  preparation  of  solutions  above  fifty  or  sixty  volumes  it 

•Compt  rend.,  too  (1885),  172. 
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is  expedient  to  purify  with  caustic  potash,  if  this  is  the  method 
used,  before  concentrating  beyond  this  point,  since  the  stronger 
solutions  decompose  with  great  rapidity  as  soon  as  the  acid  is 
neutralized. 

The  loss  of  strength  is  very  gradual  even  in  highly  concen- 
trated solutions,  provided  there  is  free  acid  present.  The  accom- 
panying table  will  furnish  data  in  support  of  this  statement. 

A  comparison  of  the  solutions  numbered  2  to  8  inclusive,  shows 
that  those  which  have  been  prepared  by  the  evaporation  of  com- 
mercial solutions,  without  neutralization,  maintain  their  strength 
for  a  considerable  length  of  time ;  while  those  which  have  been 
made  neutral  decompose  in  a  few  days,  and  an  excess  of  alkali 
causes  immediate  deterioration.  In  some  cases  the  decomposition 
upon  the  addition  of  the  alkali  was  spontaneous  and  accompanied 
by  a  marked  evolution  of  heat.  Solutions  which  have  been 
even  partially  neutralized  by  alkali  carbonates  deteriorate  during 
the  neutralization,  the  carbonic  acid  evolved  acting  mechanically 
to  destroy  the  peroxid. 

It  is  also  evident  from  the  foregoing  table  that  solutions  of  less 
strength  than  100  volumes  may  be  kept  for  some  time  at  the 
temperature  of  the  laboratory' ;  but  an  examination  of  solutions 
9  to  12,  inclusive,  shows  that  the  highly  concentrated  solutions 
are  preserved  for  much  longer  periods  if  kept  at  low  temperatures. 
The  stronger  solutions — from  50  to  400  volumes — find  their  chief 
use  in  medicine  and  dentistry,  and  a  loss  of  ten  per  cent,  in 
strength  does  not  interfere  with  their  practical  efficiency.  A 
glance  at  the  table  shows  that,  even  in  case  of  the  strongest  solu- 
tion, several  days  elapse  before  the  value  of  the  solution  dimin- 
ishes to  that  extent.  It  should  be  mentioned  that  these  solutions 
were  stoppered,  and  were  only  disturbed  when  the  samples  were 
removed  for  analysis.  The  deterioration  would  have  been  slightly 
greater  if  the  solutions  had  been  frequently  exposed  to  the  air  or 
frequently  shaken ;  but  the  fact  is  demonstrated  that,  if  reasonable 
precautions  are  taken,  even  400-volume  solutions,  if  freshly  pre- 
pared, may  be  preserved  sufficiently  long  to  admit  of  their  prac- 
tical use  by  physicians  in  extreme  cases.  They  should  be  care- 
fully stoppered,  kept  at  a  low  temperature,  out  of  contact  with 
daylight,  and  should  be  disturbed  as  little  as  possible.     To  what 
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extent  the  permanency  of  the  strong  solution  may  be  increased 
by  the  addition  of  the  preservatives  recommended  by  Kingzett 
for  commercial  solutions,  the  writers  have  not  yet  determined'. 

Finally,  a  few  words  regarding  the  practical  value  of  the 
permanganate  method  for  the  determination  of  the  amount  of  the 
hydrogen  peroxid  present.  If,  as  has  been  stated,  the  oxygen 
evolved  during  the  treatment  with  permanganate  is  not  furnished 
equally  by  that  reagent  and  the  hydrogen  peroxid,  the  titnition 
should  not  yield  accurate  results.  For  the  purpose  of  comparison, 
the  amount  of  oxygen  evolved  by  the  solution  alone  was  deter- 
mined with  the  aid  of  the  following  apparatus :  A  boiling  flask, 
of  thirty  cc.  capacity  was  connected  at  its  neck,  by  means  of  a 
T  tube,  with  a  carbonic  acid  generator,  and  with  a  two  cc. 
pipette.  The  delivery  tube  from  the  boiling  flask  was  connected 
with  a  Mitscherlich  bulb  surrounded  by  ice,  and  that,  in  tnm, 
with  an  azotometer  filled  with  a  caustic  potash  solution  (sp.  gr. 
1.27).  The  air  was  first  expelled  from  the  apparatus  by  a  cur- 
rent of  carbonic  acid,  after  which  the  stopper  of  the  flask  was 
removed  to  insert  the  hydrogen  peroxid  (two  cc),  and  the  small 
quantity  of  air  introduced  was  again  removed.  The  introduction 
of  the  peroxid  was  delayed  until  the  greater  portion  of  the  air 
had  been  expelled,  to  prevent  possible  decomposition  due  to  the 
contact  with  the  carbonic  acid  for  a  longer  time.  Finally,  two  cc. 
of  a  solution  of  caustic  potash  (sp.gr.  1.27)  was  admitted  through 
the  pipette  and  X  tube,  which  caused  immediate  evolution  of 
oxygen.  A  gentle  pressure  of  carbonic  acid  was  maintained,  and 
the  flask  heated  in  an  oil  bath  until  the  solution  had  completely 
evaporated.  The  Mitscherlich  bulb  acted  as  a  condenser,  but 
no  trace  of  undecomposed  peroxid  could  be  found  in  the  con- 
densed liquid.  The  oxygen  passed  into  the  azotometer  and  was 
measured,  transferred  to  a  Hempel  pipette,  the  oxygen  absorbed 
in  potassium  pyrogallate,  and  the  small  amount  of  air  deducted. 
The  residual  volume  was  corrected  for  temperature  and  pressure. 
The  results  were  as  follows : 

A  solution  which,  from  the  titration  with  potassium  perman- 
ganate, should  evolve  10.08  volumes  of  oxygen  at  o®  and  760  mm., 
was  found,  by  the  gas-volumetric  method  just  described,  to  evolve 
10.12  and  10.22  volumes  (corrected),  the  variation  being  0.4  and 
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1 .4  per  cent,  respectively ;  showing  that  for  practical  purposes  the 
results  obtained  by  titration  with  a  solution  of  potassium  perman- 
ganate, which  has  been  standardized  against  iron  wire,  are 
sufl&ciently  accurate.  No  further  comparisons  have  yet  been 
made  of  this  gas- volumetric  method  with  other  methods ;  but  the 
apparatus  is  so  easily  constructed,  and  the  process  is  so  simple 
and  rapid,  that  it  commends  itself  as  a  ready  means  for  the  determi- 
nation of  the  amount  of  oxygen  which  the  peroxid  solution  alone 
wU  furnish. 

In  conclusion,  the  writers  desire  to  express  their  indebtedness 
to  Dr.  T.  M.  Drown  for  valuable  suggestions  and  kind  interest 
throughout  the  work. 

Massachusetts'  Institute  of  TECHNoiXKiv. 

JTLY,  1892. 
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Manual  of  Qualitative  Blowpipe  Analysis  by  Endllch.*— 

This  is  one  of  the  late  works  on  blowpipe  analysis,  and  justly 
takes  rank  with  Brush,  Platner,  and  Woehler.  Special  mention 
is  made  of  the  physical  properties  of  the  substance,  and  minute 
directions  are  given  for  those  who  depend  upon  self -instruction. 
Among  the  more  recent  tests  are  the  reducing  action  of  stannous 
chlorid,  the  treatment  with  potassium  bisulfate,  and  the  iodids 
with  sulfur.  It  will  prove  a  valuable  aid  to  those  teaching 
the  subject. 

D.O'B. 

A  System  of  Instruction  In  Qualitative  Chemical  Analy- 

SlS.t — The  arrangement  of  this  work  is  quite  different  from  the 
conventional  text  books  on  qualitative  analysis.  The  intro- 
duction, though,  gives  us  the  warrant  for  the  course  of  the  author, 
who  embodies  here  the  results  of  a  score  of  years  spent  in  teach- 
ing chemistry.  The  instructor  at  the  College  of  Pharmacy 
occupies  an  elevated  rostrum,  in  full  view  of  ever>'  student  in  the 
room.  Each  one  is  given  a  portion  of  the  same  solution  and 
works  with  the  instructor,   using   a  parallel   set  of  apparatus. 

•  Published  by  the  Scientific  Publishinjr  Co..  New  York.    456  pp. ;  price.  I4.00. 
tA  System  of  Instruction  in  Qualitative  Chemical  Analysis.    By  Arthur  H.  Klliott 
Ph.D.    Published  by  the  Author.    College  of  Pharmacy  of  City  of  New  York. 
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Full  explanations  are  made  of  each  step  in  the  separations. 
Following  out  the  plan  pursued  in  the  author's  laboratory,  we 
find  first,  directions  for  separations,  then  come  reasons  for  steps 
involved,  followed  by  tabulated  schemes,  and  finally,  the  individ- 
ual tests  for  each  metal  in  a  group  are  given  at  the  close  of  that 
group.  A  unique  feature  of  the  book  is  the  grouping  of  "com- 
mercial compounds  **  at  the  end  of  each  metal,  as,  fof  example, 
**cream  of  tartar,'*  **pearl-ash,**  **Rochelle  salt,**  etc.,  under 
potassium.  Especially  good  are  the  explanations  of  the  facts 
upon  which  the  separations  are  based.  Though  written  primarily 
for  students  who  expect  to  follow  pharmacy,  and  we  find  here 
and  there  references  to  the  **U.  S.  P.,*'  an  authority  not  recog- 
nized by  the  ordinary  anal3rtical  chemist,  the  book  is  well  adapted 
for  use  with  any  class  of  students  in  qualitative  analysis. 


NOTES. 

If  we  are  to  judge  from  the  manuscripts  received,  and  from 
comments  made  upon  it,  the  new  system  of  speUing  chemical 
words  has  come  to  stay.  The  Bureau  of  Education  at  Washington 
has  published  the  report  in  chart  form  for  the  use  of  Preparatory 
and  High  Schools.  In  an  editorial  Dr.  Edward  C.  Kirk  of  the 
Dental  Cosmos  says:  **The  Dental  Cosmos  will  adopt  the  new 
method  as  its  standard  for  the  spelling  of  chemical  terms,  com- 
mencing with  the  issue  for  January,  1893,  and  we  respectfully 
urge  upon  our  contributors  the  propriety  of  gaining  a  familiaricy 
with  the  revised  nomenclature  by  a  study  of  the  report.  ♦  •  • 
In  this  connection  we  desire  to  call  attention  to  the  dropping  of 
the  final  e  in  the  word  dentine ^  the  spelling  dentin  being  the  form 
used  in  both  the  Century  Dictionary  and  Foster's  Medical 
Dictionary,  and  it  has  been  adopted  as  the  preferred  form  by  the 
editors  of  Funk  and  Wagnalls  Standard  Dictionary.** 
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TECHNICAL  ESTIMATION  OF  MANGANESE  IN 

ORES. 

By  Ai^bbrt  H.  I>ow. 

REPARE  the  following  solutions :  A  standardized 
solution  of  potassium  permanganate,  approximate- 
ly one-tenth  normal.  A  solution  of  oxalic  acid 
containing  about  11.46  grams  of  C,0^H„2H,0  per 
liter.  Determine  the  exact  strength  of  this  solu- 
tion by  titrating  with  the  permanganate  in  the 
presence  of  hot,  dilute  sulfuric  acid  in  the  usual 
manner,  and  then  calculate  its  value  in  manganese 
on  the  basis  that  C,0,H„2H,0  =  Mn.  It  will  be  found  that 
one  cc.  will  equal  about  0.005  gm.  of  Mn,  or  about  one  per  cent, 
when  0.5  gm.  of  ore  is  taken  for  analysis.  A  saturated  solution 
of  bromin  in  cold  water.  Always  keep  an  excess  of  bromin  in 
the  bottle.  Under  the  conditions  to  be  described,  twenty-five 
cc.  of  this  solution  will  precipitate  about  thirty-five  per  cent,  of 

manganese. 

Method  of  Analysis, 

Treat  0.5  gm.  of  the  ore  in  a  sixteen  ounce  flask  with  whatever 
acids  are  necessary  to  decompose  it.  Usually  five  to  ten  cc.  of 
hydrochloric  acid  or  aqua  regia  are  sufficient.  Boil  until  the  free 
acid  is  nearly  gone.  This  may  be  accomplished  in  two  or  three 
minutes  by  manipulating  the  flask  over  a  naked  flame.  Dilute 
with  about  seventy-five  cc.  of  hot  water  and  add  an  excess  of  ZnO. 
Boil  to  effect  complete  neutralization  of  the  acid.  Now  add  an 
excess  of  the  bromin  solution,  (usually  twenty-five  cc,  never 
more  than  fifty  cc),  and  boil  for  a  minute  or  two  until  the  excess 
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is  expelled,  as  indicated  by  the  disappearance  of  the  red  fumes. 
An  excess  of  ZnO  should  still  be  observed  in  the  bottom  of  the 
flask.  Filter,  using  a  filter  about  five  inches  in  diameter,  and 
wash  flask  and  precipitate  several  times  with  hot  water.  Place 
the  washed  precipitate,  together  with  the  filter,  back  in  the  flask 
and  add  a  suflScient  amount,  say  fifty  cc.,  of  dilute  sulfuric  acid 
(i  to  9).  Run  into  this  mixture,  from  a  burette,  what  is  judged 
to  be  an  excess  of  the  oxalic  acid  solution,  remembering  that  one 
cc.  equals  about  one  per  cent,  of  Mn.  Heat  the  mixture  to  boil- 
ing and  then,  if  necessary,  add  more  oxalic  acid  so  as  to  effect 
complete  solution  of  the  precipitate.  Now  dilute  somewhat  with 
hot  water  and  titrate  the  excess  of  oxalic  acid  with  the  per- 
manganate solution.  The  number  of  cc.  of  oxalic  acid  actually 
consumed  by  the  MnO,  is  thus  arrived  at,  from  which  the  per- 
centage of  manganese  is  then  calculated.  The  entire  analysis 
need  not  occupy  more  than  twenty  minutes.  None  of  the 
ordinary  constituents  of  ores  interfere  with  tlie  method  and  the 
results  obtained  are  very  satisfactory. 

Of  course,  other  reducing  agents  can  be  used  in  place  of  the 
oxalic  acid  solution.  When  the  latter  is  not  at  hand  a  weighed 
amount  of  the  double  sulfate  of  iron  and  ammonium  will  be  found 
convenient. 


TECHNICAL  ESTIMATION  OF  LEAD. 

By  Albert  H.  Low. 

Provide  three  wash-bottles  containing  the  following  solutions 
respectively : 

Distilled  water,  or,  at  least,  chlorin-free  water. 

Dilute  sulfuric  acid :  One  part  C.  P.  acid  to  nine  parts  chlorin- 
free  water. 

Chlorid  of  ammonium:  Make  a  saturated  solution  of  the 
commercial  chlorid  in  common  water ;  transfer  ^is  to  the  wash- 
bottle  as  required,  and  heat  to  boiling  for  use. 

Treat  one  gm.  of  the  ore  in  a  covered  Griffin  beaker  of  about 

150  cc.  capacity  with  ten  cc.  of  a  mixture  of  equal  parts  strong 

•  pure  nitric  acid  and  water.     Heat  carefully  until  the  ore  is  pretty 

well  decomposed  and  then  add  ten  cc.  of  pure  strong  sulfuric  acid 
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and  heat  strongly  until  all  the  nitric  acid  is  expelled  and  the 
sulfuric  acid  is  boiling  freely.  This  is  best  done  over  a  small 
naked  flame,  taking  care  that  the  flame  does  not  touch  the 
beaker  above  the  liquid.  A  250  cc.  flask  has  some  advantages 
over  a  beaker  for  this  decomposition,  but  is  harder  to  wash  out 
subsequently.  Cool  and  add  ten  cc.  of  the  above  dilute  sulfiuic 
acid.  Then  add  two  gms.  of  Rochelle  salt  roughly  weighed,  or 
even  guessed  at.  When  this  is  dissolved  add  forty  cc.  of  dis- 
tilled water  and  heat  to  boiling.  Allow  to  stand  and  settle  two 
minutes  and  then  filter  and  wash  with  the  dilute  sulfiuic  acid. 
Now  spread  the  filter  out  carefully  on  a  watch-glass  and  wash 
the  contents  back  into  the  beaker  with  a  stream  of  the  boiling 
hot  chlorid  of  ammonium  solution.  Heat  the  beaker  again  until 
all  the  sulfate  of  lead  has  dissolved,  adding  more  chlorid  of 
ammonium  if  necessary.  Again  filter,  receiving  the  filtrate  in  a 
clean  flask,  and  wash  the  filter  thoroughly  with  the  hot  chlorid 
solution.  Small  amounts  of  sulfate  of  lead  may  be  easily  dis- 
solved upon  the  original  filter,  without  removing  from  the  funnel, 
by  simply  washing  with  the  hot  chlorid  solution.  Place  in  the 
filtrate  three  pieces  of  sheet  aluminum,  each  about  one-sixteenth 
of  an  inch  thick  by  five-eighths  of  an  inch  wide  and  an  inch  and 
three-quarters  long.  The  aluminum  should  be  the  purest  ob- 
tainable, as  the  commercial  article  leaves  an  appreciable  residue 
of  silicon  on  dissolving.  Heat  the  contents  of  the  flask  to  boil- 
ing. If  the  bulk  of  the  filtrate  has  been  kept  down  to  75  or  100 
cc,  the  lead  will  be  completely  precipitated  with  five  minutes' 
boiling.  Remove  from  the  heat  and  shake  the  mixture  around 
to  collect  the  lead.  The  aluminum  should  appear  clean,  with 
but  little  lead  adhering  to  it.  Fill  the  flask  with  cold  water  and 
transfer  the  entire  contents  to  a  large  casserole.  Wash  the  lead 
twice  by  decantation,  and,  after  filling  up  the  casserole  the  third 
time,  remove  the  aluminum  with  the  hand,  rubbing  off  any 
adhering  lead  under  water.  Again  decant  and  then  rinse  the 
lead  into  a  small  porcelain  dish.  Pour  off  the  water  and,  with  an 
agate  pestle,  collect  the  lead  as  nearly  as  practicable  into  one  piece 
and  press  it  into  a  thin,  hard  sheet.  Wash  this  once  or  twice 
with  distilled  water  and  then  with  alcohol.  Drj-  the  lead  care- 
fully, which  should  not  cause  any  oxidation  whatever,  and  then 
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brush  it  into  the  scale-pan  and  weigh.  The  lead  is  practically 
free  from  silver,  gold,  copper,  antimony,  bismuth,  arsenic,  etc.  A 
deduction  of  three  per  cent,  is  a  fair  allowance  for  arriving  at  the 
fire  assay  of  a  pure  ore  of  the  same  grade.  As  but  little  of  the 
aluminum  is  dissolved,  the  same  pieces  may  be  used  repeatedly. 


DETERMINATION  OF  THE  ALKALIES  IN 

SILICATES. 

By  Albert  H.  I«ow. 

The  following  scheme  is  given  more  as  a  suggestion  than  as  a 
description  of  a  well-established  method.  The  author  had  occa- 
sion to  make  some  alkali  determinations  in  a  hurry,  without 
great  regard  to  extreme  accuracy.  J.  Lawrence  Smith's  method 
was  out  of  the  question  as  all  the  carbonate  of  calcium  at  hand 
was  too  impure  to  be  available.  A  consideration  of  the  fact  that 
in  the  author's  method  for  zinc,  (described  in  the  Sept.,  1892, 
number  of  this  Journal)  ,  all  the  zinc  is  extracted  from  a  dried 
residue  containing  the  substances  from  which  it  is  ordinarily 
difficult  to  effect  a  good  separation,  led  to  the  idea  that  a  similar 
scheme  might  be  as  successfully  applied  to  the  case  of  the  alkalies. 
The  following  method  was  then  devised  and  tried  with  satis- 
factory results.  If  the  bulks  of  the  various  filtrates,  etc.,  are  kept 
as  small  as  possible,  and  the  evaporations  conducted  with  care 
over  direct  heat,  the  time  required  is  considerably  less  than  for 
Smith's  method. 

Treat  one  gm.  of  the  finely  powdered  silicate  by  warming  gently 
with  pure  strong  hydrofluoric  acid  and  a  little  sulfuric  acid  in  a 
100  cc.  platinum  dish  until  decomposition  is  complete.  Evaporate 
to  dryness  and  heat  until  the  fumes  of  sulfuric  acid  have  nearlj^ 
ceased  coming  off.  Cool,  and  add  a  little  ammonia  water,  and 
boil.  See  that  a  good  disintegration  is  effected.  Filter,  washing 
with  a  little  hot  water.  Acidify  the  filtrate  strongly  with  hydro- 
chloric acid  and  add  as  small  an  excess  as  practicable  of  chlorid 
of  barium  solution.  Heat  to  boiling  and  filter,  washing  with  hot 
water.  Evaporate  the  filtrate  to  dryness  in  platinum  and  ignite 
gently  to  expel  ammonium  salts.  Cool,  add  a  little  carbonate  of 
ammonium  and  ammonia  water,  boil  and  filter,  washing  with  hot 
water.     Evaporate  the  filtrate  to  dr>Tiess  in  a  weighed  platinum 
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dish.     This  gives  the  combined  chlorids  which  are  separated  in 
the  usual  manner. 

As  the  author  had  but  little  time  to  investigate  as  to  the  accu- 
racy of  this  method  he  sent  a  description  to  Dr.  W.  F.  Hillebrand, 
of  the  U.  S.  Geological  Survey  at  Washington,  with  the  request 
that  it  be  compared  with  the  method  in  use.  Dr.  Hillebrand 
kindly  complied  and  sent  the  following  figures  as  the  results  of 
his  analyses  of  two  different  samples  of  rock : 

NO.  I.  NO.  II. 

Per  cent.  Per  cent. 

K,0.  Na,0.  K,0.  Na^O. 

Smith's  method,  1.95  4.09  0.32  3.53 

Low's  "  1. 91  4.10  0.35  3.55 

Dr.  Hillebrand  suggests  that  his  results  by  Low's  method 
may  be  a  trifle  high,  owing  to  the  presence  of  a  trace  of  potas- 
sium permanganate  in  his  hydrofluoric  acid,  and,  on  the  other 
hand,  a  trifle  low  from  the  retention  of  alkali  by  magnesia,  the 
two  errors  counterbalancing.  Pure  hydrofluoric  acid  is,  however, 
easily  obtained,  and  the  error  due  to  magnesia  might  possibly 

be  avoided   by  using  carbonate  of   ammonium  in  the  original 
extraction. 


NOTE  ON  THE  DETECTION  OF  CHLORINE, 

BROMINE,  AND  IODINE  IN  THE 

SAME  MIXTURE. 

By  Joseph  Toraby. 

I  read  Mr.  Kebler's  note  on  the  above  subject  in  the  October 
number  of  the  Journai^  with  much  interest.  The  problem  is  one 
of  the  most  difficult  in  qualitative  analysis.  For  an  experienced 
chemist  it  is  not  so  difficult,  but  the  point  is  to  find  a  method  that 
can  be  used  ^jy  students. 

The  object  of  this  note  is  to  describe  some  very  slight  modifi- 
cations of  Dr.  Hart's  method  which  in  my  experience  have  made 
it  a  little  more  convenient.  The  general  procedure  was  given  by 
Mr.  Kebler  and  need  not  be  repeated  here.  I  have  found  no 
occasion  to  modify  the  details  so  far  as  the  evolution  successively 
of  the  chlorine,  bromine,  and  iodine  is  concerned ;  but  the  bulb 
tube  arrangement    figured  in  the  original  description,  and  the 
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methods  for  detecting  the  halogens  as  they  come  off,  have  been 
modified  as  follows : 

Instead  of  the  bulb  apparatus  originally  described,  I  use  a 
small  tube  hoving  one  small  bulb  blown  on  it,  the  tube  being 
bent  slightly  away  from  the  perpendicular  about  half  an  inch 
above  where  it  leaves  the  cork.  Above  the  bulb  there  should  be 
about  half  an  inch  of  tube  left.  The  flask  containing  the  mixture 
to  be  analyzed  is  charged  with  ferric  sulphate  as  usual  and  the 
iodine  evolved ;  a  small  piece  of  starch  paper  is  held  in  the  steam 
as  it  emerges  from  the  tube  and  any  iodine  speedily  shows  itselL 
When  the  iodine  has  all  been  expelled  by  boiling,  as  will  be  seen 
by  the  negative  indication  of  the  starch  paper,  a  crystal  of  potas- 
sium permanganate  is  added  and,  on  heating,  the  bromine  is 
evolved.  For  detecting  it  I  use  iodized  starch  paper  in  the  same 
way  as  starch  paper  was  previously  used  and  any  bromine  is 
easily  detected.  The  boiling  is  continued  until  all  bromine  is 
gone,  when  the  chlorine  is  detected  as  usual. 

The  only  points  where  care  is  necessary-  in  giving  this  process 
to  students  are  the  following : 

1 .  Care  must  be  taken  that  ver>'  small  quantities  of  substance 
are  used.  The  merest  trace  of  any  one  of  the  halogens  will  be 
detected  with  certainty  and  large  quantities  only  waste  time  and 
fill  the  laboratory  with  undesirable  fumes. 

2.  The  boiling  must  be  continued  till  no  trace  of  bromine  can 
be  detected  before  testing  for  chlorine.  The  boiling  must  be 
quite  brisk  or  bromine  will  be  mechanically  held  back. 

For  delicacy,  rapidity,  and  certainty  I  have  yet  to  find  the 
equal  of  this  process.  With  a  reasonable  amount  of  care  the 
character  of  the  mixture  is  practically  immaterial.  In  the  origi- 
nal paper  it  appeared  from  the  published  experiments  (in  which 
I  suppose  I  had  a  hand)  that  a  large  quantity  of  bromine  masked 
the  iodine  test.  I  have  not  found  the  same  effect  to  be  present 
when  the  starch  paper  is  used  to  detect  the  iodine. 

During  the  last  tA\'o  years  of  the  Summer  School  of  Chemistry 
at  Harvard  University  I  have  had  many  experiments  made  with 
mixtures  of  ver>'^  varying  proportions  and  have  never  j^et  met 
with  any  but  favorable  and  satisfactory  results. 

Last  summer  some  work  was  done  toward  seeing  whether  the 
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process  could  not  be  turned  to  account  quantitatively.  The  put- 
look  was  encouraging  but  the  time  was  too  short  to  accomplish 
enough  to  make  it  certain.  I  hope  the  work  may  be  continued 
the  coming  summer. 

APPARATUS  FOR  THE  ESTIMATION  OF  FREE 

AND  ALBUMINOID  AMMONIA  IN 

WATER  ANALYSIS. 

By  Augustus  H.  Gill,  Ph.D. 

The  article  by  Mr.  Embry*  upon  this  same  subject,  has  induced 
me  to  describe  the  apparatus  for  these  determinations  in  use  in 
the  laboratory  for  water  analysis  of  the  Massachusetts  Institute 
of  Technology,  used  by  the  State  Board  of  Health. 

The  arrangement  will,  I 
think,  be  evident  from  the  ac- 
companying sketch.  The  ap- 
paratus consists  of  a  nearly 
spherical  flask  with  square 
shoulders,  of  850-900  cc.  ca- 
pacity, connected  by  a  bent 
glass  tube  and  *  *  cork  joint ' ' 
with  a  vertical  block  tin  con- 
denser. The  *  *  cork  joint ' '  is 
here  shown  in  section,  and 
consists  of  a  sound  cork  fitted 
at  one  end  with  the  condenser, 
and  at  the  other,  with  the 
glass  tube,  indicated  by  the 
cross  hatching,  which  enters 
the  former  for  about  an  inch 
and  a  half,  thus  avoiding  all 
contact  of  steam  with  the  cork, 
and  making  a  tight  and  dur- 
able connection;  the  flask  is 
closed  with  a  superfine  cork 
—    carrying  the  bent  glass  tube. 

Scale  min.-!  foot. 

The  condenser  is  the  usual  glass  jacket,  with  the  inside  tube 

*Thc  Analyst,  17,  41-  ♦ 
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of  block  tin,  three  ounces  to  the  foot,  one-quarter  inch  internal 
diameter,  twenty-four  inches  long,  and  bent  at  the  top  for  the 
** cork  joint,**  and  at  the  bottom  for  delivery  into  the  fifty  cc. 
graduated  flasks.*  The  lamps  used  are  ordinary  Bunsen  burners 
lengthened  by  inserting  a  piece  of  pipe  between  the  base  and  the 
burner  proper.  The  whole  apparatus  is  supported  by  the  ring 
and  clamp  upon  a  brass  rod  fixed  into  the  distilling  table.     This 


CORK   JOINT 

Full  SlM 

table  is  eighteen  feet  long,  two  feet  wide,  and  three  feet  high 
with  two  thirteen  inch  sinks  near  each  end ;  upon  it  are  arranged 
the  two  rows  of  brass  rods  five  inches  apart,  with  eighteen  inches 
between  each  rod,  thus  affording  space  for  fourteen  sets  of  appa- 
ratus, and  making  the  laboratory  equipment  capable  of  handling 
sixty  to  seventy  samples  per  day.  All  the  piping  is  underneath 
the  table,  the  rubber  tubing  passing  through  it,  one  set  of  tubing 
being  painted  black  to  distinguish  the  rows ;  each  condenser  and 
lamp  is  provided  with  its  own  stopcock,  or  the  whole  can  be 
turned  off  together. 

For  designating  the  number  of  the  water  analyzed,  slips  of 
ground  glass  are  placed  between  the  vertical  nxis. 

The  apparatus  is  distilled  free  from  ammonia  before  each  deter- 
mination, and,  as  we  have  waters  that  show  neither  free  nor 
albuminoid  ammonia,  it  indicates  that  the  working  is  satisfactory. 

The  condensation,  even  in  the  hottest  weather,  is  absolutely 
perfect.     Spiral  condensers  of  glass  and  tin  have  been  ased,but 

*  Flasks  are  here  used,  as  the  Nessler  tubes  are  inconvenient  to  manage  ;  those  in 
use  hold  so  cc.  are  8  inches  long  and  |  inch  internal  diameter,  admitting  of  the  reading 
of  o.oooooi  gm.  of  Ammonia  with  absolute  certainty. 
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were  too  fragile  and  cumbersome  to  admit  of  their  continuance. 
With  this  arrangement  one  person  performs  fourteen  distil- 
lations simultaneously  in  about  an  hour,  the  work  all  being  done 
from  one  side.  The  present  form  has  been  in  use  eighteen 
months,  during  which  time  about  5000  determinations  have  been 
made,  which  is  sufficient  proof  of  its  practicability. 


THE  WEST  AND  WESTERN  METHODS. 

By  Stuart  Ckoabdalb. 

To  the  average  eastern  student  the  west  appears  as  a  kind  of 
financial  paradise  where  fortunes  are  rapidly  accumulated  and 
millionaires  are  the  product  of  a  few  years,  existence.  While 
this  is  true  to  a  certain  extent,  yet  those  who  come  with  that  idea 
in  their  minds  will  find  the  goddess  as  fickle  here  as  elsewhere, 
and  in  the  majority  of  cases  the  accumulation  of  wealth  means 
hard  work  and  close  application  to  business. 

Direct  information  and  a  few  practical  suggestions  from  a  chem- 
ist's standpoint  may  be  of  value  to  those  who  contemplate  com- 
ing west  and  it  is  such,  as  well  as  those  who  have  written 
me  personally,  that  the  following  pages  are  designed  to  answer. 

Care  has  been  taken  to  make  the  statements  and  methods  em- 
bodied therein  as  reliable  and  complete  as  possible  in  order  to 
give  the  student  opportunity  to  familiarize  himself  with  the  field 
before  entering  it.  It  is  not  the  purpose  of  the  author  to  discour- 
age immigration  to  the  west  but  to  produce  a  careful  considera- 
tion of  the  matter,  if  possible,  before  a  hasty  step  is  taken. 

The  first  thing  to  do  of  course  is  to  secure  a  position.  This 
is  no  easy  matter  for  an  eastern  man,  whether  it  be  applied  for 
while  in  the  east  or  after  coming  west.  Competition  in  this  line 
is  very  sharp,  for  the  supply  of  chemists  and  assayers  exceeds 
the  demand  almost  continually.  The  west  is  full  of  college  grad- 
uates from  all  quarters  of  the  globe.  In  the  early  days  Ameri- 
can students  were  almost  ignored  and  Frieberg  students  were  the 
ones  sought  for,  but  now  the  preference  is  given  to  the  graduates 
of  our  own  technical  schools  when  an  inexperienced  man  is 
employed. 
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Smelter  superintendents  and  mine  managers  hesitate  to  employ 
men  fresh  from  college,  because,  as  a  rule;  they  have  had  no 
training  for  western  work.  This  is  not  so  much  the  fault  of  the 
students  as  the  fault  of  their  instruction.  Aside  from  a  few  tech- 
nical schools  the  instruction  in  assaying  is  limited  and  not  prac- 
tical, and  the  instruction  in  chemistry  is  not  broad  enough,  being 
confined  for  the  most  part  to  the  iron  industry.  What  many  of 
our  colleges  need  is  a  practical  assayer  to  teach  assaying  and 
give  a  short  course  in  technical  methods  of  analysis  after  the 
student  has  been  thoroughly  drilled  in  the  more  delicate  parts  of 
chemical  manipulation. 

Outside  of  the  large  smelters  a  knowledge  of  assaying  is  abso- 
lutely necessary.  This,  it  will  be  seen,  brings  the  possible 
vacancies  down  to  a  few  large  works  in  Colorado  located  at  Aspen, 
Denver,  Leadville,  and  Pueblo;  at  Butte,  Montana,  and  in  a 
few  smelters  on  the  plains.  A  good  chemist  having  a  position 
in  a  large  plant  may  soon  acquire  sufficient  knowledge  in  west- 
em  work  to  take  a  position  anywhere. 

The  work  here  differs  to  some  extent  from  that  usually  re- 
quired in  the  east,  and  with  a  few  exceptions  the  methods  used 
are  much  more  rapid.  Time  is  an  important  factor  in  all  deter- 
minations. Volumetric  methods  are  used  whenever  they  are  prac- 
ticable. Separate  samples  are  weighed  out  for  nearly  every  deter- 
mination so  that  as  many  as  possible  may  be  started  at  once.  Two 
grams,  one  gram,  or  one-half  gram,  as  the  case  may  require,  are 
taken  for  analysis  to  avoid  unnecessar>'  calculation.  Standard 
solutions  are  made  so  that  one  cc.  =  one  per  cent,  or  0.5  per  cent. 
All  these  things,  though  small  in  themselves,  mean  a  wonderful 
saving  of  time  when  a  large  number  of  determinations  are  to  be 
made. 

The  work  varies  with  the  metallurgical  process  in  use.  It 
consists  of  the  assay  and  complete  or  partial  analysis  of  the  raw 
materials  and  the  metallurgical  products. 

The  raw  materials  consist  of  silicious,  calcareous,  and  barytic 
ores,  as  well  as  pyrites  and  oxidized  iron  and  manganese  ores 
carrying  gold,  silver,  lead,  and  copper. 

The  determinations  to  be  made  include  the  assays  for  gold,  sil- 
ver, lead,  and  copper  and  the  wet  determinations  for  lead,  copper. 
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silica,  barium  sulfate,  lime,   magnesia,  iron,   zinc,   manganese, 
sulfur,  arsenic,  and  antimony. 

The  metallurgical  products  consist  of  gold,  silver,  and  lead 
bullion ;  sulfids,  and  lead  carbonate  precipitates  from  leaching 
works ;  copper  and  iron  mattes,  slag,  and  flue  dust.  The  principal 
determinations  to  be  made  on  these,  besides  the  assays,  are 
lead,  copper,  and  sulfur  on  all  but  the  last  two.  The  analysis 
of  the  last  two  will  be  governed  by  the  constituents  in  the  furnace 
charge. 

Besides  the  above  there  are  numerous  determinations  to  be 
made  on  the  by-products  that  are  constantly  forming  around 
leaching  and  amalgamation  mills  or  a  smelter ;  also  analyses  of 
salt,  furnace  gas,  coal,  crude  sulfur,  water,  and  occasionally 
qualitative  tests  and  quantitative  determinations  on  ore  samples 
for  platinum,  tin,  bismuth,  and  other  unexpected  metals. 
Western  ores  seem  to  contain  nearly  everything. 

The  methods  used  for  the  above  determinations  will  be  given 
in  subsequent  pages.  The  hours  for  work  in  a  western  labora- 
tory are  usually  from  8  A.  M.  to  4  P.  M.  Samples  brought  in 
after  2  P.  M.  are  not  started  until  the  next  morning  unless  they 
are  of  special  importance.  Everything  is  done  systematically ; 
routine  work  usually  occupies  the  morning  and  extra  work  is 
finished  after  that.  When  the  work  is  done  the  chemist  is  free. 
Some  companies  require  a  full  day,  from  8A.  M.to6P.  M., 
whether  there  be  much  or  little  to  do. 

Sunday  work  is  universal,  but  in  most  places  it  is  made  as 
light  as  possible  and  can  be  finished  by  noon.  In  others  it 
is  the  same  as  any  other  day. 

In  this,  as  well  as  in  other  parts  of  the  country,  the  salaries 
are  governed  by  two  things, — ^the  cost  of  living  and  the  law  of 
supply  and  demand.  The  ratio  between  the  two  is  such  that 
there  is  not  much  chance  for  the  accumulation  of  wealth  on  an 
ordinary  salar>'  alone,  whether  that  salary  be  earned  in  the  east 
or  in  the  west.  Especiall}-  is  this  the  ca.se  with  a  married  man,  for, 
besides  having  his  family  to  support  he  cannot  afford  to  leave 
one  position  to  take  another  apparently  more  lucrative  and 
run  the  risk  of  losing  both.  A  single  man  can  often  take  these 
chances,  and  even  if  he  does  not  come  out  successfully  he  can 
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easily  take  care  of  himself  until  another  position  is  open  for  him. 

The  regular  salary  in  Aspen  for  a  chemist  and  assayer  is  $150 
a  month.  Assistants,  and  assayers  who  have  learned  the  business 
from  a  position  as  ** helper"  in  an  ^ssay  oflSce  receive  $125  a 
month.  Chief  chemists  and  assayers  having  complete  charge  of 
the  assay  office  and  laboratory  receive  $175  to  $200  a  month. 

Board  and  lodging  at  a  private  house  is  $40  a  month.  Table 
board  is  $8  a  week,  although  in  a  few  places  it  may  be  had  for 
$6.     Furnished  rooms  are  $10  to  $15  a  month. 

Perhaps  comparing  these  with  eastern  prices  will  show  more 
than  anything  else. 

EASTERN  PBNNSVI^VANIA. 

12  months*  salary  at  $60 I720 

52  weeks'  board  and  lodging  at  $5 260 

Balance $460 

WESTERN  COI^ORADO. 

12  months'  salary  at  $150 f  igoo 

12  months'  board  and  lodging  at  $40 480 

Balance $13^0 

From  each  of  the  above  statements  must  be  deducted  in  aioui 
the  same  ratio,  the  cost  of  clothes,  laundry,  and  incidentals. 
Since  these  will  vary  with  different  persons  the  remainder  of  the 
calculation  must  be  left  for  the  reader.  In  all  probability  there 
will  still  be  a  balance  in  favor  of  the  west. 

The  salaries  in  Leadville,  Colorado,  and  in  Butte,  Montana,  are 
practically  the  same  as  those  just  mentioned,  while  the  cost  of 
living  is  somewhat  less.  In  Denver  and  Pueblo,  Colorado,  and 
farther  east  on  the  plains,  the  living  expenses  are  $25  to  $50  a 
month  less  and  the  salaries  are  correspondingly  decreased.  The 
above  cities  include  the  principal  mining  and  smelting  centers  in 
this  section  of  -the  country  and  the  salaries  are  practically  the 
same  in  smaller  camps. 

As  before  stated  the  essential  feature  in  a  chemist's  knowledge 
for  western  work  is  that  of  assaying. 

ASSAYING. 

This  subject  cannot  be  more  fully  described  than  has  been  done 
in  our  best  text  books,  but  there  are  many  little  points  on  tem- 
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perature,  etc.,  that  are  of  the  highest  importance,  and  yet  the  only 
way  to  learn  them  is  to  see  the  actual  working  of  a  furnace.  The 
difference  between  an  assay  run  in  a  **hot**  furnace  and  one  run 
in  a  **cold"  furnace  may  be  several  ounces  of  silver  to  the  ton, 
and  yet  in  spite  of  the  fact  that  the  proper  temperature  is  described 
in  the  text  books  how  many  students  or  inexperienced  instruc- 
tors will  get  it  right  ? 

The  fluxing  of  ores  will  vary  somewhat  with  the  different 
mining  camps.  In  most  cases  a  plain  scorification  is  used  for  all 
*  *  control '  *  work  and  specimen  assays,  while  in  some  places  it  is 
customary  to  use  the  crucible   assay,  especially  for  the  latter. 

Perhaps  the  most  troublesome  ores  in  the  United  States  to 
assay  and  analyze  are  the  silver  ores  from  Aspen.  The  gangue 
may  be  either  limestone,  dolomite,  bar5rta,  or  silica,  carrying  lead, 
zinc,  iron,  and  copper,  wholly  or  partially  combined  as  sulfid. 
Such  ores  not  only  necessitate  a  large  number  of  wet  determina- 
tions to  make  the  proper  ore  mixtures,  but  even  the  scorification 
assay  requires  extra  flux  to  get  all  the  silver  present. 

Besides  the  assay  of  all  the  ore  bought,  there  is  considerable 
work  to  do  with  the  furnace  and  mill  products.  Tailings,  slags, 
and  other  low  grade  material  are  assayed  in  crucibles  using  one- 
half  assay  ton  for  each  assay,  while  the  salable  products  are  made 
by  scorification,  the  loss  of  silver  in  the  slag  and  cupel  being 
determined  by  an  assay  of  the  same  or  by  running  a  check  assay 
with  the  original. 

The  number  of  assays  made  in  a  day  will  vary,  of  course,  as  the 
samples  are  received.  All  things  being  favorable  125  to  150 
assay's  are  considered  a  day*s  work  for  one  man. 

THE   CHEMICAI.  WORK. 

Many  of  our  western  cities  have  omitted  the  gas  epoch  and  start 
with  electric  light  plants,  so  that  a  convenient  form  of  fuel  for  the 
laboratory  is  not  available  even  if  the  smelter  or  mill  is  fortunate 
enough  to  be  located  within  reach  of  the  city  luxuries.  Isolated 
gas  plants  are  expensive  to  build  and  keep  running  in  many 
parts  of  the  west.  Consequently  a  cook  stove  or  a  brick  sand- 
bath  heated  with  coal  or  wood,  or  an  iron  plate  heated  with  oil 
stoves,  serve  for  all  evaporations.     Alcohol  lamps  are  used  for 
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glass  blowing,  etc.,  and  since  the  assay  furnace  usually  precedes 
or  at  least  accompanies  the  laborator>',  all  fusions  and  ignitions 
are  made  in  the  muffle.  Fusions  are  made  in  platinum.  Igni- 
tions are  made  in  porcelain  crucibles,  annealing  cups,  or  scori- 
fiers,  and  the  residue  is  brushed  out  carefully  and  weighed  by 
itself. 

The  methods  used  for  the  various  determinations  may  be  briefly 
described  as  follows  : — 

Silica  and  Barium  Sulfate. — The  ore  is  treated  with  strong 
hydrochloric  acid  or  aqua  reg^a  or  with  strong  nitric  acid  and  a 
few  drops  of  hydrochloric  acid  (if  it  is  a  sulfid),  evaporated  to 
dryness,  taken  up  with  strong  hydrochloric  acid,  boiled,  diluted, 
filtered,  washed,  first  with  hot  water,  then  with  a  little  hot  ammo- 
nium acetate  to  reiHove  any  sulfate  of  lead  that  may  be  present, 
and  finally  with  hot  water,  after  which  it  is  ignited  and  weighed. 
In  the  absence  of  barium  sulfate  this  insoluble  residue  passes 
under  the  name  of  silica.  If  sulfate  of  barium  is  present  the  total 
weight  is  noted  and  the  residue  is  fused  with  mixed  carbonates 
in  a  platinum  crucible.  The  fused  mass  is  then  digested  with 
hot  water  which  dissolves  the  alkaline  silicates  leaving  the  bar- 
ium carbonate  insoluble.  This  is  filtered  off,  dissolved  in  hydro- 
chloric acid,  and  the  barium  reprecipitated  with  sulfuric  acid. 
The  weight  of  the  barium  sulfate  thus  produced  gives  the  per- 
centage of  that  compound  in  the  ore  and  that  weight  subtracted 
from  the  total  weight  previously  obtained  gives  the  percentage  of 
the  silica. 

In  slags  (which  are  chilled  by  modem  smelter  practice)'the 
silica  is  determined  by  treatment  with  hydrochloric  acid  alone' in 
the  usual  manner.  The  barium,  which  in  this  case  was  com- 
bined with  the  silica  and  has  passed  into  solution,  may  be  deter- 
mined from  the  filtrate  in  the  usual  manner,  or,  more  conveniently, 
by  adding  a  little  sulfuric  acid  to  the  sample  which  is  to  be  used 
for  the  lime  determination  and  throwing  the  barium  down  with 
the  silica.  The  combined  weight  less  the  weight  of  the  silica 
previously  obtained  will  give  the  amount  of  barium  sulfate.  This 
is  calculated  to  BaO. 

Iron. — This  is  usually  determined  in  the  filtrate  from  the  in- 
soluble residue  in  ores  or  in  the  filtrate  from  silica  in  slags.     Both 
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the  permanganate  and  the  bichromate  methods  are  used  without 
any  modifications ;  the  latter  is  more  popular,  owing  to  its  greater 
rapidity. 

Lime, — A  separate  sample  of  the  ore  is  dissolved  in  hydro- 
chloric acid,  and  a  little  potassium  chlorate  is  added  to  oxidize 
the  iron.  The  solution  is  then  diluted,  and  the  insoluble  residue 
filtered  off ;  ammonia  is  added  to  the  filtrate  until  alkaline  and 
then  it  is  acidified  with  a  strong  solution  of  oxalic  acid ;  ammo- 
nia is  added  a  second  time  until  alkaline,  or  until  a  brown  color 
is  produced,  and  the  solution  is  again  acidified  with  oxalic  acid 
and  heated  to  boiling.  The  oxalate  of  lime  is  then  filtered  off 
and  washed  until  free  from  soluble  oxalates  and  oxalic  acid. 
The  filter  and  precipitate  are  placed  in  a  beaker  containing  hot 
dilute  sulfuric  acid  ( i  :  20)  and  the  solution  is  at  once  titrated 
with  standard  potassium  permanganate  solution  until  a  pink  color 
is  produced.  One  half  the  value  in  terms  of  iron  =  CaO.  To 
insure,  good  results  the  iron  must  be  in  a  ferric  state  and  the 
oxalate  of  lime  must  be  thoroughly  washed.  With  these  pre- 
cautions it  is  not  difficult  to  get  closely  agreeing  results.  In  the 
presence  of  much  lead  the  iron  and  lead  are  precipitated  with 
ammonia  and  the  lime  is  precipitated  from  the  filtrate  with  ammo- 
nium oxalate  and  titrated  as  described  above. 

In  slags  the  original  solution  is  evaporated  to  dryness  to  sepa- 
rate the  silica  and  the  residue  is  taken  up  with  hydrochloric  acid. 
(If  barium  is  to  be  determined  a  few  drops  of  sulfuric  acid  are 
added  and  the  barium  sulfate  is  filtered  off  and  weighed  with  the 
silica.)  The  remainder  of  the  analysis  is  the  same  as  in  that 
used  for  ores. 

Some  chemists  prefer  to  ignite  the  oxalate  of  lime  precipitaet 
in  the  muffle,  but  it  requires  a  high  heat  and  is  not  so  satisfactory 
as  the  volumetric  method. 

Magnesia, — When  required,  the  determination  is  made  from 
the  alkaline  filtrate  of  a  lime  determination  in  the  usual  manner. 
Sometimes  the  process  is  shortened  by  weighing  out  a  new  sam- 
ple and  after  dissolving  in  hydrochloric  acid  and  oxidizing  with 
chlorate  of  potash,  the  iron  and  lime  are  precipitated  together  by 
means  of  ammonia  and  ammonium  oxalate  and  filtered  off.  The 
magnesia  is  then  determined  as  phosphate  in  the  filtrate. 
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Zinc, — Von  Schulz  and  Low's  method  is  recognized  as  the 
standard.  This  with  other  technical  methods  have  been  described 
in  this  JouRNAi.*  as  well  as  in  the  Engineering  and  Mining 
Journal.^ 

Lead, — Lead  in  ore  is  always  bought  and  sold  on  a  fire  assay, 
but  wet  assays  are  frequently  made.  None  of  the  wet  methods, 
however,  seem  to  meet  with  universal  approval,  although  a  num- 
ber have  been  proposed,  each  one  claiming  the  essential  features, 
— accuracy,  rapidity,  and  capacity  of  being  used  for  all  lead- 
bearing  products. 

The  method  most  commonly  used  is  the  bichromate  method. 
The  ore  is  treated  with  nitric  acid  and  evaporated  down  with  sul- 
furic to  drive  off  the  excess  of  nitric.  The  solution  is  then  diluted 
and  the  insoluble  residue  containing  sulfate  of  lead  is  filtered 
off  and  digested  in  hot  ammonium  acetate.  This  dissolves  the 
sulfate  of  lead  and  after  diluting  it  is  titrated  with  a  standard 
solution  of  potassium  bichromate.  The  end  reaction  is  deter- 
mined by  bringing  a  drop  of  the  solution  in  contact  with  a  drop 
of  neutral  silver  nitrate  solution  on  a  porcelain  plate,  or  better,  on 
filter  paper.  A  red  coloration  shows  excess  of  bichromate.  In- 
stead of  converting  the  lead  into  sulfate  the  nitrate  may  be 
neutralized  with  ammonia  or  carbonate  of  ammonia,  excess  of 
sodium  acetate  added,  and  the  solution  titrated  as  above  described. 
(With  low  leads  this  method  will  be  from  one  to  three  per  cent, 
higher  than  the  fire  assay,  but  with  high  leads  it  does  not  come 
up  to  the  fire  assay.)  Another  method  consists  in  precipitating 
the  lead  as  carbonate,  dissolving  in  a  measured  quantity  of  nor- 
mal nitric  acid,  adding  neutral  sulfate  of  soda  solution,  and  titrat- 
ing the  excess  of  acid  by  standard  alkali  solution.  The  lead 
solution  should  be  free  from  other  metals. 

Among  the  other  methods  which  may  be  mentioned  are  Von 
Schulz  and  Low*s,t  now  used  by  the  Penna.  Lead  Co..  in  which 
the  lead  sulfate  is  dissolved  in  ammonium  chlorid  and  reprecipi- 
tated  by  aluminum  foil  as  metallic  lead  and  is  weighed  as  such ; 
Knight's  §  method  in  which  the  lead  is  thrown  down  as  an  oxa- 
late  and  titrated    (like   lime)  with   potassium   permanganate; 


•  6^488.     1 54*178 
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1  Knprineeriiiff  and  Mining  Journal.  53,  641.    See  also  Low's  paper  in  this  number. 
J  This, 
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Hawkins'  bichromate  method,  in  which  the  standard  bichromate 
solution  is  added  in  excess.  A  measured  quantity  of  standard 
ferrous  ammonium  sulfate  is  then  added,  and  the  excess  of  the 
latter  is  titrated  back  with  bichromate,  using  potassium  ferri- 
cyanid  as  an  indicator;  and  Gallaher*s  method,  in  which  the 
sulfateof  lead  is  digested  with  strong  sodium  carbonate  solution, 
and  the  precipitated  carbonate,  after  washing,  is  dissolved  in 
acetic  acid  and  titrated  with  standard  potassium  ferrocyanid 
solution,  using  uranium  acetate  for  an  indicator  as  in  zinc  deter- 
minations. Still  another  method  has  been  suggested  but  so  far 
the  details  have  not  been  worked  out.  It  consists  in  dissolving 
the  sulfate  of  lead  in  sodium  thiosulfate  and  titrating  with  stan- 
dard sodium  carbonate  solution,  using  methyl  orange  as  an  in- 
dicator.    In  presence  of  lime  this  method  is  not  available. 

Copper, — The  cyanid  method  is  used  for  ordinary  work.  The 
batter>'  assay  is  used  a  great  deal  among  the  copper  works  in 
Butte,  Montana,  in  connection  with  the  cyanid  method.  The 
two  may  be  made  to  check  very  closely  by  using  the  Swedish 
method  in  connection  with  the  latter,  ?.  e. ,  precipitate  the  copper 
with  metallic  zinc  and  then  redissolve  and  titrate  with  potassium 
cyanid  solution.  In  copper  works  where  a  number  of  matte  sam- 
ples are  to  be  assayed  for  copper  each  day  by  the  cyanid  method 
a  check  sample  is  made  up  with  a  weighed  amount  of  copper 
and  iron  that  corresponds  closely  with  the  copper  and  iron  in  the 
matte,  and  this  is  titrated  with  the  matte  samples  so  the  cyanid 
solution  is  restandardized  each  day. 

Manganese, — lies'  method*  is  the  one  in  general  use.  The 
ore  or  slag  is  treated  in  a  casserole  ^nth  concentrated  hydro- 
chloric acid  until  decomposed.  A  little  nitric  acid  or  chlorate 
of  potash  is  added  to  oxidize  the  iron  and  the  solution  evaporated 
with  sulfuric  acid  until  all  the  hydrochloric  acid  is  driven  off. 
The  solution  is  then  diluted  to  150  cc.  and  boiled.  An  emulsion 
of  zinc  oxid  (ZnO  and  water)  is  added  in  large  excess  which 
precipitates  the  iron.  This  precipitate  is  filtered  off  and  washed, 
the  filtrate  heated  to  boiling  and  titrated  with  standard  perman- 
ganate solution.  Instead  of  filtering  ofi  the  precipitate  of  iron 
and  excess  of  zinc  oxid  the  solution  may  be  made  up  to  500  cc. 

*  Engineering  and  Mining  Journal,  March  6.  18S6. 


68o  THE   WEST  AND   WESTERN   METHODS. 

and  loo  cc.  taken  for  analysis.     The  value  of  the  permang^anate 
solution  in  iron  multiplied  by  0.2946  =  Mn. 

Sulfur, — For  ores  and  sulfids  the  *'  acid  *'  method  is  preferable, 
although  fusion  with  potassium  nitrate  and  sodium  carbonate  \s 
used  by  some  chemists ;  but  this  method  gives  high  results  owing 
to  the  formation  of  barium  nitrate  which  is  not  readily  soluble  in 
water. 

The  ore  or  sulfid  is  mixed  with  a  little  chlorate  of  potash  in  a 
casserole,  and  after  placing  in  cold  water  or  snow,  strong  nitric 
acid  is  added  and  the  action  is  allowed  to  proceed  slowl}'^  until 
solution  and  oxidation  is  complete.  Instead  of  chlorate  of  potash, 
potassium  bromid  is  sometimes  used.  For  ores  containing  but 
a  small  amount  of  sulfid,  nitric  acid  alone  is  sufficient. 

When  action  is  complete  the  solution  is  evaporated  to  dr>'ness 
to  drive  off  the  excess  of  nitric  acid,  the  residue  taken  up  with 
hydrochloric  acid,  the  solution  diluted,  the  insoluble  residue 
filtered  off,  and  the  sulfur  determined  in  the  filtrate  as  usual  by 
means  of  barium  chlorid. 

lies'  method  for  sulfur  in  slags  is  given  as  follows:  One  or  two 
grams  of  finely  pulverized  slag  is  fused  in  a  silver  crucible  with 
twenty-five  grams  of  caustic  potash  for  twenty  minutes.  The 
fused  mass  is  allowed  to  cool,  then  dissolved  in  water  and  the 
oxids  of  iron,  etc.,  are  filtered  off.  Thirty  cubic  centimeters 
bromin  water  is  added  to  the  filtrate  and  the  solution  is  acidified 
with  hydrochloric  acid,  boiled  to  drive  off  the  excess  of  bromin, 
filtered  if  necessary,  and  the  sulfur  is  precipitated  in  the  filtrate 
as  usual  by  means  of  barium  chlorid. 

Arsenic. — Pearce's  method  as  described  in  Sutton's  Volumetric 
Analysis  is  considered  as  reliable  as  any.  Instead  of  neutralizing 
the  nitric  acid  solution  with  ammonia,  pure  zinc  oxid  added  in 
excess  has  been  found  to  be  equally  as  good  and  much  more 
convenient. 

Another  method,  by  Messrs.  E.  N.  and  J.  D.  Hawkins,  is  given 
as  follows :  Treat  the  sample  with  nitric  acid ;  if  decomposed, 
evaporate  nearly  to  dryness  and  then  evaporate  once  with  hydro- 
chloric acid  to  destroy  the  nitric.  Take  up  with  hydrochloric, 
dilute,  make  strongly  alkaline  with  caustic  soda,  and  precipitate 
with  hydrogen  sulfid.    This  precipitates  the  heavy  metals,  leav- 
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ing  the  arsenic  and  antimony  in  solution.  The  latter  seldom 
occurs  and  no  attention  is  paid  to  it. ,  Filter,  wash,  and  decom- 
pose the  filtrate  with  sulfuric  acid.  Allow  to  stand  several  hours 
and  then  filter  off  the  precipitated  sulfid  of  arsenic.  Dissolve  in 
hot  nitric  acid  or  hydrochloric  acid  and  potassium  chlorate  and 
evaporate  to  small  bulk.  Dilute  and  add  magnesium  mixture 
and  ammonia  until  strongly  ammoniacal.  Allow  to  stand  twelve 
hours  and  filter  off  the  magnesium  ammonium  arsenate.  Wash 
with  fifteen  per  cent,  ammonia  water,  dissolve  precipitate  off  the 
filter  with  dilute  nitric  acid  (i  :  i)  allowing  the  solution  and 
washings  to  run  into  a  platinum  crucible.  Evaporate  to  dryness, 
ignite  and  weigh  as  Mg,As,0,.  If  the  precipitate  is  ignited  with 
the  filter  the  arsenate  is  reduced  and  arsenic  is  volatilized. 

If  the  substance  is  only  partially  decomposed  treat  the  soluble 
part  as  described  until  the  sulfid  of  arsenic  is  precipitated  by 
sulfuric  acid.  Fuse  the  insoluble  portion  with  six  or  eight  times 
its  weight  of  equal  parts  of  sulfur  and  sodium  carbonate  at  a  low 
heat  for  twenty  minutes  to  one-half  an  hour.  Disintegrate  in 
hot  water  and  filter.  Add  sulfuric  acid  to  the  filtrate  to  precipi- 
tate the  sulfid  of  arsenic,  filter,  combine  this  precipitate  with  the 
one  previously  obtained  and  proceed  as  before. 

Antimony, — This  determination  is  seldom  required  in  ordinary 
work.  The  reader  is  referred  to  Crooke's  Select  Methods  for  a 
method  of  analysis. 

The  foregoing  methods  will  cover  all  the  analyses  required  in 
ordinary  work.  Special  determinations  must  be  obtained  from 
the  text  books  and  periodicals  as  they  are  needed. 

In  conclusion  the  author  would  suggest  to  those  who  wish  to 
come  west  and  succeed  in  the  chemical  profession, 

First,  That  they  become  thoroughly  posted  in  inorganic 
chemistry,  and  also  in  qualitative  as  well  as  in  quantitative 
analysis.  While  the  methods  just  described  will  answer  for  rou- 
tine work  yet  there  are  frequently'  cases  in  which  the  chemist 
must  modify  his  work  a  little  or  make  the  determination  in  a 
different  way  as  his  judgment  may  dictate.  A  perfect  knowl- 
edge of  qualitative  analysis  will  frequentl}'^  help  in  quantitative 
determinations ; 

Second,     That  they  come  prepared  to  work  hard  and  steadily 
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and  be  ready  to  take  hold  of  anything  in  case  they  fail  to  secure 
a  position  at  once,  or  in  case  they  are  suddenly  thrown  out  of  a 
position  already  obtained. 

Lazy  and  incompetent  men  need  not  come.  Employers  have 
no  use  for  them.  With  no  one  to  recommend  them  they  will 
find  positions  exceedingly  hard  to  get,  and  at  the  same  time  they 
will  find  the  west  a  poor  place  to  live  in  under  those  circumstances. 
Competent  men  who  are  willing  to  work,  and  study  with  their 
work,  will  find  the  west  a  good  field  with  excellent  opportunities 
for  advancement  after  a  few  years*  experience. 

Aspen,  Colorado,  Decbmbbk.  189a. 


THE  VOLUMETRIC  ESTIMATION  OF  ZINC* 

By  Bertrand  C.  Hikman,  Ph.B.,  A.M. 

The  Colorado  Scientific  Society  outlined  a  plan,  some  time 
ago,  of  endeavoring  to  establish  a  uniformity  in  the  technical 
methods  of  analysis  in  the  west.  For  its  first  effort,  a  committee 
of  several  chemists  was  appointed  to  investigate  the  methods  for 
the  determination  of  zinc  in  ores,  and  their  report  was  presented 
to  the  Society  in  June,  i892.t 

The  ores  submitted  were  from  widely  separated  localities  in 
Colorado;  they  were  mixtures  of  galenite,  pyrite,  and  sphalerite, 
accompanied  by  greater  or  less  percentages  of  manganese  in  the 
form  of  rhodochrosite,  associated  with  a  quartzose  gangue. 

To  obtain  a  standard  of  comparison,  the  samples  of  ore  sub- 
mitted by  the  committee  were  analyzed  by  Mr.  L.  G.  Eakins,  of 
the  U.  S.  Geological  Survey.  The  method  followed  by  him  was 
the  conventional  one — in  short,  as  follows : 

The  ore  was  extracted  with  aqua  regia,  and  the  solution  pre- 
cipitated with  hydrogen  sulfid.  In  the  filtrate  from  this  precipi- 
tation the  iron  was  separated  by  precipitating  twice  as  basic 
acetate,  and  once  with  ammonia.  In  these  filtrates,  combined 
and  acidulated  with  acetic  acid,  the  zinc  was  precipitated  as 
sulfid,  dissolved,  precipitated  as  carbonate,  and  weighed  as  oxid. 

Several  chemists  of  metallurgical  works  in  Colorado  made 
analyses  of  the  samples,  and  their  methods  and  results  are  given  in 

♦School  of  Mines  Quarterly,  Nov.,  1892. 
t  This  Journal,  6,  488. 
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the  report.  They  were,  however,  essentially  like,  or  modifications 
of,  the  method  of  Messrs.  von  Schulz  and  Low,  which  received 
the  approval  of  the  committee.     The  operation   is  as  follows: 

**  Prepare  a  solution  of  potassium  ferrocyanid  by  dissolving 
forty-four  grams  of  the  pure  salt  in  distilled  water  and  diluting 
to  one  liter.     Standardize  as  follows  : 

**  Dissolve  exactly  200  milligrams  of  pure  oxid  of  zinc  in  a 
beaker  inten  cc.  of  strong,  pure  hydrochloric  acid.  Now  add 
seven  yaiac  of  C.  P.  ammonium  chlorid  (the  commercial 
article  frequently  contains  a  little  copper),  and  about  100  cc.  of 
boiling-hot  water.  Titrate  the  clear  liquid  with  the  ferrocyanid 
solution  until  a  drop,  when  tested  on  a  porcelain  plate  with  a 
strong  aqueous  solution  of  uranium  acetate,  shows  a  brown  tinge. 
About  sixteen  cc.  of  ferrocyanid  will  be  required,  and  accordingly 
nearly  this  amount  may  be  run  in  rapidly  before  making  a  test, 
and  then  the  titration  finished  carefully  by  testing  after  each 
additional  drop  of  ferrocyanid.  As  soon  as  a  brown  tinge  is 
obtained,  note  the  reading  of  the  burette,  and  then  wait  a  minute 
or  two,  and  observe  if  one  or  more  of  the  previous  tests  do  not 
also  develop  a  brown  tinge.  Usually,  the  end  point  will  be  found 
to  have  been  passed  by  a  test  or  two,  and  the  proper  correction 
must  then  be  applied  to  the  burette  reading.  Finally,  make  a 
further  deduction  from  the  burette  reading  of  the  amount  of  ferro- 
cyanid necessary  to  produce  a  brown  tinge  under  the  same  con- 
ditions when  no  zinc  is  present.  This  correction  is  about  two 
drops,  or  0.14  cc. 

**  200  mgms.  of  oxid  of  zinc  contain  160.4  mgms.  of  zinc,  and 
one  cc.  of  the  above  standardized  solution  will  equal  about  o.oi 
grains  of  zinc,  or  about  one  per  cent,  when  one  gram  of  ore  is 
taken  for  ass^y. 

*•  Prepare  the  following  solutions  for  the  assay  of  ores : 

**  A  saturated  solution  of  potassium  chlorate  in  nitric  acid, 
made  by  shaking  an  excess  of  the  crystals  with  a  strong  pure 
acid  in  a  flask.     Keep  the  solution  in  an  open  flask. 

**A  dilute  solution  of  ammonium  chlorid,  containing  about 
ten  grams  to  the  liter.     For  use,  heat  to  boiling  in  a  wash-bottle. 

*'  A  wash-Tt)ottle  of  hot  water. 

**Take  exactly  one  gram  of  the  ore,  and  treat  with  twenty- 
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five  CO.  of  the  above  chlorate  solution.  Do  not  cover  the  cas- 
serole at  first,  but  warm  gently  until  any  violent  action  is  over  and 
greenish  vapors  have  ceased  to  come  off.  Then  cover  with  a 
watch-glass  and  boil  rapidly  to  complete  dryness,  but  avoid  over- 
heating and  baking.  A  drop  of  nitric  acid  adhering  to  the  cover 
does  no  harm.  Cool  sufficiently,  and  add  seven  grams  of  ammo- 
nium chlorid,  fifteen  cc.  strong  ammonia  water,  and  twenty- 
five  cc.  of  hot  water.  Boil  the  covered  mixture  one  minute,  and 
then,  with  a  rubber-tipped  glass  rod  see  that  all  solid  matter  on 
the  cover,  sides,  and  bottom  of  the  casserole  is  either  dissolved 
or  disintegrated.  Filter  into  a  beaker,  and  wash  several  times 
with  the  hot  ammonium  chlorid  solution.  A  blue  colored  filtrate 
indicates  the  presence  of  copper.  In  that  case,  add  twenty- 
five  cc.  of  strong,  pure  hydrochloric  acid  and  about  forty  grams 
of  granulated  test-lead.  Stir  the  lead  about  in  the  beaker  until 
the  liquid  has  become  perfectly  colorless,  and  then  a  little  longer 
to  make  sure  that  the  copper  is  all  precipitated.  The  solution, 
which  should  still  be  quite  hot,  is  now  ready  for  titration.  In 
the  absence  of  copper,  the  test-lead  is  omitted,  and  only  the  acid 
added.  About  one-third  of  the  solution  is  now  set  aside,  and 
the  main  portion  is  titrated  rapidly  with  the  ferrocyanid  until  the 
end  point  is  passed,  using  the  uranium  indicator  as  in  the 
standardization.  The  greater  part  of  the  resented  portion  is  now 
added,  and  the  titration  continued  with  more  caution  until  the 
end  point  is  again  passed.  Then  add  the  remainder  of  the 
reserved  portion,  and  finish  the  titration  carefully— ordinarily, 
by  additions  of  two  drops  of  ferrocyanid  at  a  time.  Make  cor- 
rections of  the  final  reading  of  the  burette  precisely  as  in 
standardization. 

*'  Gold,  silver,  lead,  copper,  iron,  manganese,  and  the  ordinary 
constituents  of  ores  do  not  interfere  with  the  above  scheme. 
Cadmium  behaves  like  zinc  ;  when  known  to  be  present,  it  may 
be  removed,  together  with  the  copper,  by  the  proper  treatment 
with  hydrogen  sulfid ;  and  the  titration  for  zinc  may  be  made  upon 
the  proper  acidified  filtrate,  without  the  removal  of  the  excess  of 
gas.     There  seems  to  be  no  simpler  way  of  removing  cadmium. 

*  *  Notes  on  the  above  scheme  : 

' '  Acids  destroy  the  delicacy  of  the  uranium  test,  and  for  this 
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reason  a  strong  aqueous  solution  of  uranium  acetate  is  used.  By 
having  the  zinc  solution  only  faintly  acid,  the  production  of  the 
brown  color  of  the  end  test  becomes  almost  instantaneous,  and 
no  previous  test  will  develop  a  color.  Under  these  conditions, 
however,  lead  is  apt  to  seriously  interfere,  and  the  excess  of  acid 
recommended  above  is  found  to  be  a  necessity.  When  a  strong 
solution  of  uranium  acetate,  not  acidified,  is  used  as  an  indicator, 
the  error  caused  by  the  excess  of  acid  in  th£  zinc  solution 
amounts  to  only  two  drops  of  ferrocyanid,  which  may  be  allowed 
for,  and  the .  brown  tinge  develops  so  rapidly  that  the  end  point 
is  seldom  passed  by  more  than  one  test. 

*  *  When  an  ore  contains  but  little  copper,  the  granulated  lead 
used  frequently  coheres  in  lumps  that  may  hold  zinc  solution. 
These  lumps  are  most  easily  broken  up  after  a  little  of  the  ferro- 
cyanid has  been  added.  They  appear  to  cause  no  appreciable 
error  in  the  work.  Of  course,  lead  shot  or  thin  sheet  lead  may 
be  used,  if  preferred,  and  it  may  be  cleaned  with  strong  nitric 
acid  and  used  repeatedly.  It  seems  simpler  and  more  satisfactory, 
however,  to  use  the  granulated  lead  and  throw  it  away  after  use. 

*'  As  regards  the  use  of  nitric  acid,  it  is  found  that  the  addition 
of  one  cc.  of  the  strong  acid  to  the  boiling  hot  zinc  solution 
during  the  standardization  of  the  ferrocyanid,  makes  no  appre- 
ciable difference." 

The  ores  upon  which  these  experiments  were  made  were  all 
from  one  section  of  country,  and,  in  general,  were  ores  adapted  to 
lead  smelting.  It  seemed  advisable,  therefore,  to  try  the  method 
upon  ores  from  other  places  containing  associated  minerals  dif- 
ferent from  the  above.  The  Franklinite  and  Calamine  ores  are 
among  the  most  important  sources  of  zinc,  and  are  very  frequently 
dealt  with  in  the  metallurgy  of  that  metal.  Upon  such  ores 
most  of  the  experiments  were  made. 

The  solutions  were  prepared  as  directed,  with  the  exception 
that,  for  standardizing,  metallic  zinc  was  used  instead  of  the  oxid. 
The  standardizing  of  the  ferrocyanid  solution  presented  no  diffi- 
culty. If  the  solution  is  hot,  the  end-reaction  shows  promptly, 
but  the  amount  of  hydrochloric  acid  present  must  be  regulated 
with  some  care,  as  an  excess  over  that  used  at  the  time  of  stan- 
dardizing will  delay  the  end-reaction  in  titration  to  a  sensible 
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degree.  The  practice  adopted  in  making  these  experiments  was 
to  add  a  drop  or  two  of  methyl  orange  (though  other  indicators 
will  answer  equally  well) ,  bring  the  solution  to  the  neutral  point, 
and  then  add  a  known  excess  of  hydrochloric  acid^.  The  color 
produced  by  the  indicator  in  no  wise  interferes  with  the  end 
reaction  during  titration.  By  observing  this  simple  precaution, 
the  solutions  may  always  be  of  the  same  degree  of  acidity, 
insuring  perfect  uniformity  in  the  appearance  of  the  end  reaction. 

At  times,  in  dissolving  the  ore,  all  the  potassium  chlorate  will 
not  be  decomposed,  so  that,  when  the  solution  is  made  acid  with 
hydrochloric  acid,  just  prior  to  titration,  euchlorin  will  be  set  free. 
When  using  an  indicator  to  determine  the  neutral  point,  its  pres- 
ence is  manifested  by  its  bleaching  action  upon  the  color.  It  is 
well,  then,  to  add  a  few  drops  of  a  solution  of  an  alkaline  sulfite. 

To  test  the  process,  a  Calamine  ore  containing  66.80  per  cent, 
of  zinc  was  carefully  treated  by  the  above-described  method. 
There  was  obtained  65.14  per  cent,  of  zinc.  The  ore  contained 
but  little  manganese,  and  the  precipitate  produced  by  the  addi- 
tion of  the  excess  of  ammonia  consisted  almost  entirely  of  ferric 
hydrate.  The  residue  and  the  precipitate  was  treated  again  with 
the  chlorate  mixture,  the  solution  obtained  evaporated  to  dr>Tiess, 
an  excess  of  ammonia  again  added,  and  in  the  filtrate  from  this 
precipitation  was  found  1.62  per  cent,  of  zinc,  making  a  total  of 
66.76  per  cent.  The  experiment  was  repeated  twice  more  in  the 
same  manner  as  at  first.     The  three  results  were  as  follows: 

First  Second 

Extraction.    Extraction.       Total. 
Per  cent,  of  zinc 65.14  1.62  66.76 

65.37  1.41  66.78 

65.35  1.41  66.76 


The  precipitated  ferric  hydrate  held  each  time  about  one  and 
one-half  per  cent,  of  zinc.  This  is  a  well-known  phenomenon, 
but  no  mention  of  it  seems  to  have  been  made  by  Messrs.  von 
Schulz  and  Low  in  their  description.  This  is  undoubtedly  be- 
cause the  ores  worked  by  them  contained  so  littie  iron  that  no 
appreciable  difference  was  made  by  its  presence. 

In  a  fourth  experiment  on  this  ore  an  attempt  was  made  to 
avoid  the  re-precipitation  of  the  ferric  hydrate  by  evaporating 
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the  solution  of  the  ore  in  the  acid  to  dryness,  and  taking  up  with 
water  instead  of  ammonia.  Ferric  nitrate  seems  to  lose  its  nitric 
acid  more  readily  than  zinc  nitrate,  and  by  proceeding  in  this 
manner  a  filtered  solution  may  be  obtained  containing  only  a 
small  amount  of  iron.  There  was,  however,  enough  present  so 
that  it  was  necessary  to  remove  it  v^dth  an  excess  of  ammonia. 
There  was  found  as  a  result  66.45  P^^  cent,  of  zinc. 

In  order  to  determine  the  effect  which  the  presence  of  man- 
ganese might  have,  a  gram  of  this  same  ore  was  mixed  with  0.2 
gram  of  pyrolusite,  and  treated  precisely  as  at  first.  There  was 
found  66.76  per  cent,  of  zinc,  the  manganese  not  changing  the 
result.  Thinking,  perhaps,  that  the  manganese  dioxid  would 
not  be  sufficiently  decomposed  in  the  strongly  oxidizing  solution 
used  in  decomposing  the  ore,  another  experiment  was  made  upon 
the  same  ore  with  the  same  amount  of  pyrolusite  present,  but  the 
mixture  was  first  treated  with  hydrochloric  acid  to  carry  the  dioxid 
of  manganese  into  solution ;  nitric  acid  was  added  to  expel  the 
hydrochloric  acid,  and  then  the  mixture  was  treated  with  the  chlor- 
ate solution,  and  the  analysis  finished  in  the  same  manner  as  the 
previous  ones.     There  was  found  66.808  per  cent,  of  zinc. 

It  may  be  safely  concluded,  then,  that  the  presence  of  man- 
ganese does  not  interfere,  and  that  it  can  be  completely  separated 
from  zinc  by  oxidation  to  manganese  dioxid  in  nitric  acid  solution. 

A  Franklinite  ore  containing  20.86  per  cent,  of  zinc  and  con- 
siderable manganese  was  next  tried.  The  first  treatment  of  this 
ore  gave  as  its  result  only  15.60  per  cent.  The  residue  re-treated 
with  acid  as  before  yielded  i.oi  per  cent.,  and  the  residue  from 
this  again  treated  gave  up  0.50  per  cent.,  making  a  total  of  17. 11 
per  cent,  of  zinc,  or  nearly  four  per  cent.  low.  The  experiment 
was  repeated  upon  another  portion  of  the  same  sample.  There 
was  found  only  about  fifteen  per  cent,  of  zinc.  The  residue  was 
re-treated  as  before  and  a  little  over  one  per  cent,  was  found. 
The  residue  from  this  treatment  was  dissolved  in  hydrochloric 
acid,  the  iron  separated  as  basic  acetate,  the  filtrate  made  acid 
with  acetic  acid,  hydrogen  sulfid  gas  passed  into  it,  and  an 
abundant  precipitate  of  zinc  sulfid  was  obtained. 

Evidently  the  solvent  action  of  the  nitric  acid  containing  the 
potassium  chlorate  was  not  sufficient  to  completely  decompose 
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the  ore,  so  in  the  next  experiment  the  following  treatment  was 
adopted. 

The  ore  was  first  digested  with  aqua  regia ;  nitric  acid  was 
then  added,  and  the  mixture  evaporated  until  all  the  hydrochloric 
acid  had  been  expelled,  the  whole  evaporated  nearly  to  dryness, 
the  regular  amount  of  the  nitric  acid  solution  of  the  potassium 
chlorate  was  added  and  the  analysis  finished  as  usual.  As  a 
result  of  this  procedure,  there  was  obtained  20.81  per  cent  of  zinc. 

A  Franklinite,  containing  23.53  P^^  cent,  of  zinc,  analyzed  in 
duplicate  in  this  manner,  gave  results  respectively  of  23.54  per 
cent,  and  23.34  per  cent,  of  zinc.  Still  another  sample  of  the 
same  kind  of  ore  having  31.42  per  cent,  was  found  by  the  same 
treatment  to  contain  31.613  per  cent. 

Some  of  the  ores  tried,  although  very  finely  pulverized  in  an 
agate  mortar,  were  yet  not  entirely  soluble  in  aqua  regia,  and  itwas 
necessary  to  fuse  the  residue  in  order  to  effect  complete  solution. 

Copper  was  found  to  be  easily  separated  in  the  manner  de- 
scribed by  the  originators  of  the  method,  and  the  lead  introduced, 
and  that  which  might  otherwise  be  present,  was  found  to  have 
no  injurious  effect.  In  fact,  at  the  end  of  a  titration  >^'ith  the 
brown  tint  just  faintly  showing  with  the  uranium  acetate,  a  large 
excess  of  lead  acetate  was  added  without  changing  at  all  the  end 
reaction. 

The  method  of  von  Schulz  and  Low,  as  given  by  them,  will 
answer  for  ores  easily  decomposed  and  containing  little  or  no  iron, 
but  to  adapt  the  method  to  all  ores  of  zinc  or  compounds  contain- 
ing it,  cadmium  alone  excepted  (which,  if  present,  must  be  re- 
moved with  hydrogen  sulfid) ,  certain  modifications  are  necessary. 
Guided  by  the  preceding  experiments  the  following  practice 
would  seem  most  advisable. 

Pure  metallic  zinc  is  more  easily  obtainable  for  standardization 
than  the  pure  oxid.  In  standardizing  and  in  actual  analysis, 
that  the  right  degree  of  acidity  be  uniformly  maintained,  the  use 
of  a  color-indicator  in  the  solution  is  advised.  It  seems  to  be 
easier  and  simpler  to  work  to  the  neutral  point  this  way  than  to 
do  it  by  means  of  test-papers,  and  the  slight  tint  of  color  neces- 
sary to  show  the  change  to  the  eye  does  not  impair  the  end 
reaction  wth  the  ferrocyanid. 
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The  ore,  if  at  all  refractory,  should  be  finely  pulverized.  A 
few  moments  spent  in  grinding  will  be  more  than  compensated  in 
the  ease  with  which  solution  may  be  obtained. 

Treat  the  finely  divided  ore  with  aqua  regia  until  there  is 
obtained  complete  decomposition,  or  until  no  further  action  is 
perceptible.  If  the  ore  has  not  been  thoroughly  decomposed, 
evaporate  to  dryness,  dehydrate  the  silicic  acid,  take  up  with 
dilute  hydrochloric  acid,  filter  off  the  insoluble  matter  and  fuse  it 
with  carbonate  and  nitrate  of  soda  in  a  platinum  crucible.  Dis- 
solve the  fusion  in  hydrochloric  acid  and  add  the  solution  to  the 
major  portion.  The  dehydration  of  the  silicic  acid  will  consume 
some  time,  but  if  the  ore  is  highly  silicious,  the  gain  of  time  in 
filtering  the  sandy  precipitate  of  silica  as  contrasted  with  filtering 
the  gelatinous  silicic  acid  will  be  more  than  repaid.  All  the  zinc 
in  the  ore  will  now  be  in  solution  as  chlorid.  Add  nitric  acid 
and  boil  until  all  the  hydrochloric  acid  has  been  expelled ; 
evaporate  nearly  to  dryness,  add  the  usual  quantity  of  nitric  acid 
saturated  with  potassium  chlorate,  and  evaporate  to  dryness. 
Add  the  ammonium  chlorid  and  ammonia,  dilute  with  water,  heat 
to  boiling  and  filter,  washing  with  a  weak  solution  of  ammonium 
chlorid  made  alkaline  with  ammonia.  Transfer  the  precipitate 
from  the  paper,  by  means  of  a  spatula  and  wash-bottle,  to  the 
vessel  in  which  the  ore  was  originally  decomposed,  evaporate  off 
the  water,  and  treat  again  with  the  chlorate  mixture  in  the  same 
manner  as  before,  adding  the  solution  obtained  by  treatment  with 
ammonia  to  the  original  one.  Acidify  to  the  right  degree  with 
hydrochloric  acid,  heat  nearly  to  boiling,  and  titrate  with  the 
standard  ferrocyanid  as  described. 

The  details  of  the  method  as  here  worked  out  are  more  numer- 
ous than  these  given  in  the  original  article  of  von  Schulz  and  Low, 
but  it  is  apparent  that  to  secure  accuracy  of  results  under  varied 
conditions,  they  are  necessary.  It  is  still  very  much  shorter  than 
the  conventional  one,  and  carefully  worked  ought  to  give  results 
nearly  if  not  quite  as  accurate,  and  certainly  the  difiBculties  in 
manipulation  are  not  so  great. 

In  conclusion,  I  desire  to  thank  Professor  Elwyn  Waller  for 
his  valuable  suggestions  in  the  preparation  of  this  paper. 


BRIMSTONE    AND    PYRITES   AS    RAW    MATERIALS 
FOR  THE  MANUFACTURE  OF  SULFURIC  ACID.* 

By  Karl  F.  Stahl. 

The  question  has  often  been  asked  why  the  acid  manufactur- 
ers in  the  United  States  have,  until  quite  recently,  been  using 
brimstone,  while  in  fiurope  p5^rites  has  been  used  nearly  exclus- 
ively for  thirty  years.  This  seeming  backwardness  is  usually 
explained  in  a  manner  little  complimentary  to  our  home  industry, 
and  even  the  report  issued  by  the  Geological  Bureau  of  the  United 
States  for  the  year  1887  makes  that  mistake. 

The  author  protests  against  this  abuse  and  shows  that  if  the 
variations  in  the  price  of  brimstone,  the  history  of  our  pyrites 
mines,  the  commercial  situation  in  the  period  mentioned  and  the 
development  of  the  industries  using  acid  are  considered  an 
explanation  can  easily  be  found. 

Whether  brimstone  or  pyrites  is  preferable  at  a  given  price  is 
not  so  easy  to  decide,  and  acid  manufacturers  hold  \4ews  on  this  sub- 
ject which  differ  widely  from  each  other.  Two  articles  have  lately 
been  published  treating  on  this  subject, — one  in  this  journal, 
November,  1891,  by  Wm.  H.  Adams  (Pyrites  as  a  Material  for 
the  Manufacture  of  Sulfuric  Acid).  The  second  article  appeared 
in  the  Engineering  and  Mining  Jourtial  of  July  23,  1892  (The 
Comparative  Value  of  Brimstone  and  Pyrites  in  the  Manufacture  of 
Sulfuric  Acid)  by  J.  H.  Kelley.t  The  first  ver>'  lengthy  article 
contains  many  interesting  statistical  and  historical  notes  and  fig- 
ures ;  but  the  theme  itself  is  treated  very  one-sidedly  in  favor  of 

m 

pyrites.  Mr.  Kelley's  article  is  short,  but  the  statements  it  con- 
tains come  much  nearer  the  truth  than  those  in  the  former  paper. 
For  the  burning  of  brimstone  only  simply  constructed  furnaces, 
preferably  made  entirely  of  cast  iron,  are  necessar>',  and  practically 
no  impurities  get  into  the  acid  made  from  it.  The  ashes,  which  are 
carried  away  mechanically  with  the  gases,  are  deposited  in  the 
connecting  pipes  or  Glover  tower.  The  author  considers  the 
latter  costly,  and  sometimes  troublesome  apparatus,  unnecessary 
if  brimstone  is  burned ;  with  pyrites  it  is  more  useful  for  cooling 
the  gases  and  keeping  the  dust  and  part  of  the  arsenic  out  of  the 

*  Abstracted  and  translated  by  the  author  from  a  lecture  before  the  German  American 

ARsociatton  of  Technologists,  at  Buffalo,  Sept.  i.  1892.  and  published  in  Der  TecAmiker. 
Nov..  i«92. 

t  See  also  article  by  J.  H.  Kelley  in  this  Journal,  5,  194. 
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chambers ;  it  also  enables  the  manufacturer  to  keep  the  impure 
tower  acid  separate  from  the  chamber  acid. 

For  constructing  a  Glover  tower  usually  so-called  **  chemical 
bricks  * '  are  used,  but  the  author  found  that  some  kinds  of  paving 
bricks  resist  acid  better,  are  smoother,  and  cost  less  than  half  the 
price  of  the  former.  Instead  of  quartz  for  filling  a  Glover  tower, 
glass  balls  of  about  four  inches  diameter  are  recommended. 
Quartz  can  only  be  obtained  in  irregular  lumps,  which,  on  ac- 
count of  their  sharp  edges  and  comers,  are  difficult  to  handle,  and 
exert  a  strong  pressure  against  the  sides  of  the  tower,  while  hollow 
glass  balls  of  about  four  inches  diameter,  which  can  be  bought  at 
a  moderate  price,  are  light,  uniform  in  size,  and  cause  an  equal, 
and  with  each  layer,  varying  distribution  of  the  gases  and  acid. 

Pyrites,  as  used  in  the  manufacture  of  sulfuric  acid,  is  not  pure 

disulfid  of  iron,   FeS„  which  contains  46.7  per  cent,  iron  and 

53-3  P^r  cent,  sulfur,  but  a  mixture  with  other  sulfids  and  gangue. 

Pyrites  mined  in  the  United  States  contains  usually  39  per  cent. 

to  42  per  cent,  sulfur,    and  besides  iron,  copper,  zinc,  traces  of 

cadmium,  and  arsenic.     Below  are  some  analyses  made  by  the 

author,  expressed  in  percentages  : 

I. 

Moisture 

Sulfur 45.1 

Iron 

Copper 3.1 

Zinc 3.0 

Cadmium. o.i 

Insoluble 2.9 

Arsenic ? 

No.  I.     February,  1882.    Tallapoosa  Mine,  Ga. 

No.  2.    Average  of  several  determinations  made  in  1884.     Rogers 

Mine,  Paulding  Co.  Mining  Company,  Dallas,  Ga. 
No.  3.    Average  of  several  determinations  made  in  1884.     Sulfur 

Mines  Company,  of  Virginia,  Louisa  Co.,  Va. 
No.  4.     November,  1882.     Peru  Zinc  Company,  La  Salle,  111. 
No.  5.     May,  1884.     Dodgeville,  Wis. 
No.  6.     November,   1891.     Sulfur  Mines  Company,  of    Virginia, 

Louisa  Co.,  Va. 
No.  7.     December,    1891.      Davis    Sulfur  Ore   Company,   Davis, 

Franklin  Co.,  Mass. 

Each  sample  represented  one  or  more  car  loads. 


2. 

3. 

4. 

5. 

6. 

7. 

•  ■  •  • 

2.9 

«  •  •  • 

•  •  •  • 

1-3 

0.8 

37.6 

37.1 

50.2 

43-7 

40.6 

42.4 

40.6 

41.5 

•  •  •  • 

37.3 

35.4 

5.2 

0.6 

•  •  •  • 

i.o 

1.4 

4.5 

0.8 

•  •  •  • 

1.9 

5-5 

o.oi 

? 

•  ■  •  « 

? 

? 

9.5 

14.7 

1.4 

10.5 

5.1 

? 

0.02 

•  •  •  • 

Trace. 

Trace. 
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Pyrites  is  either  sold  as  **  lumps'*  or  **  fines,  '*  because  each 
kind  requires  an  entirely  different  furnace.  The  contsruction 
of  furnaces  for  burning  *'lump**  pyrites  is  well  known.  Fur- 
naces for  '  *  fines ' '  are  either  worked  by  hand  or  by  inachiner>', 
but  common  to  all  is  that  the  pyrites  is  spread  out  in  thin  layers 
on  shelves  arranged  one  above  the  other.  Fresh  pyrites  is  charged 
on  top  and  gradually  worked  down.  Schaffner's  furnace  is  con- 
sidered the  best,  although  it  is  worked  by  hand,  costing  consider- 
able labor,  and  the  frequent  opening  of  doors  lets  much  gas  escape. 
The  Hammond-Spence  furnace  is  worked  by  machinery,  but  it  is 
difiicult  to  keep  it  tight  and  the  machinery  causes  much  trouble. 

A  round  furnace  constructed  by  MacDougall  Bros.,  of  Liver- 
pool, did  not  work  satisfactorily,  but  it  has  been  improved  by 
A.  C.  Johnson,  of  Baltimore.  Theoretically,  this  furnace  is  nearly 
perfect,  and  it  works  well  as  long  as  everything  is  in  good  order ; 
labor  is  reduced  to  a  minimum,  the  evolution  of  gas  is  regular, 
and  as  no  doors  are  opened  there  is  no  loss  of  gas  ;  but  it  must 
be  constructed  and  tended  with  the  utmost  care,  otherwise  it  will 
cause  no  end  of  trouble.  The  cinders  weigh  about  three-fourths 
of  the  weight  of  the  pyrites  used,  and  contain,  besides  the  oxids 
of  metals  present  in  the  pyrites,  undecomposed  sulfids  holding 
from  one  to  five  per  cent,  sulfur.  American  pyrites  contains, 
usually,  several  per  cent,  of  zinc,  and  as  the  zinc  blende  or  the 
sulfate  of  zinc,  which  is  formed,  requires  a  higher  temperature 
for  decomposition  than  that  reached  in  pyrites  furnaces,  the 
sulfur  combined  with  zinc  is  not  available.  On  an  average,  it 
can  be  assumed  that  the  cinders  contain  four  per  cent,  sulfur, 
which  is  equal  to  three  per  cent,  sulfur  in  the  pyrites.  Copper 
is  usually  present  in  too  small  a  quantity  to  make  its  extraction 
profitable,  and  its  presence,  together  with  the  high  percentage 
of  silica,  makes  the  cinder  unsalable  to  iron  works. 

Besides  the  somewhat  more  complicated  and  more  costly  con- 
struccion  of  furnaces,  and  the  constant  higher  cost  of  labor  in 
burning  pyrites,  there  are  other  factors  in  favor  of  brimstone : 

First,  it  requires  less  chamber  space  to  produce  the  same 
amount  of  acid. 

Second,  lead  chambers  are  said  to  last  longer  with  brimstone 
than  with  pyrites. 
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Third,  the  acid  produced  is  of  different  quality. 

From  the  following  equation  it  will  readily  be  seen  why  pyrites 
requires  more  air  than  brimstone : 

S  +  2O  =  SO, 
2FeS,  +  iiO  =  Fe,0.  +  4SO, 

The  nitrogen,  which  enters  with  the  oxygen,  dilutes  the  fur- 
nace and  chamber  gases  more  in  the  second  case  than  in  the  first, 
and  causes  them  to  be  poorer  in  sulfurous  acid.  Theoretically, 
it  would  require  131  cubic  feet  of  chamber  space  for  pyrites 
against  100  cubic  feet  for  brimstone.  According  to  the  author's 
experience,  one-fourth  more  chamber  space  is  sufficient  to  pro- 
duce the  same  amount  of  acid,  with  the  same  consumption  of 
niter. 

It  is  very  difficult  to  get  exact  figures  on  the  second  point, 
because  the  life  of  a  set  of  chambers  depends  on  so  many  circum- 
stances, i,  €,,  quality  of  the  lead,  construction  of  the  whole  appa- 
ratus, temperature  of  the  gases,  whether  the  chambers  are  forced 
or  not,  and  last  but  not  least,  on  the  care  of  management.  It  is 
claimed  that  arsenic  in  pyrites  is  ver>'  detrimental  to  lead,  but 
this  is  not  likely  and  the  arsenic  gets  the  blame,  while  it  is  the 
high  temperature  of  the  gases  that  does  the  harm.  This,  of 
course,  could  be  avoided  by  proper  construction,  so  as  to  cool 
the  gases  more  before  they  enter  the  first  chamber. 

Concerning  the  third  point,  it  has  already  been  stated  that  from 
brimstone  practically  no  impurities  get  into  the  acid.  It  is 
different  with  pyrites,  especiallly  when  '* fines"  are  used,  which 
produce  so  much  dust  that  the  chamber  acid  resembles  red  wine ; 
but  for  nearly  all  technical  purposes  this  small  amount  of  iron  in 
the  acid  does  no  harm  whatever.  On  concentrating,  the  oxid  of 
iron  dissolves  and  the  red  color  disappears,  without  giving 
trouble  in  the  lead  pans  or  platinum  stills,  at  least  not  if  only 
commercial  acid  of  93  per  cent.  H,SO^  is  made.  A  more  harmful 
impurity  is  caused  by  the  arsenic  in  the  pyrites. 

It  may  be  remarked  here,  that  pyrites  from  Massachusetts  and 
Virginia  always  contains  arsenic,  claims  of  the  mine  owners  to  the 
contrary  notwithstanding.  The  amount  is  small  and  it  is  diffi- 
cult to  detect  it  in  the  pyrites,  but  it  can  easily  be  determined  in 
the  acid  made  from  these  ores ;  it  is  however  all  precipitated  in 
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the  Glover  tower  and  first  chamber.  Acid  from  the  first  chamber 
contains  0.005  P^r  cent,  arsenic ;  if  all  the  chamber  acid  is  mixed 
it  contains  about  0.002  per  cent,  arsenic,  the  acid  being  figured 
as  66°  B6.  If  pyrites  richer  in  arsenic,  like  the  Spanish,  is  burned, 
arsenic  can  be  found  in  all  the  chambers  in  about  the  following 
proportion:  First  chamber,  0.16  per  cent,  arsenic;  second  cham- 
ber, 0.008  per  cent,  arsenic;  third  chamber,  0.005  P^**  cent, 
arsenic ;  fourth  chamber,  trace. 

Fortunately  the  presence  of  arsenic  does  not  interfere  with 
many  applications  of  sulfuric  acid,  for  instance  in  the  manufacture 
of  phosphates  and  coal  oil.  These  two  industries  use  about 
eighty  per  cent,  of  all  the  sulfuric  acid  produced  in  the  United 
States.  But  for  the  iron  industry-  and  for  the  production  of  all 
substances,  which  are  used  directly  or  indirectly  as  food  or 
medicine,  the  sulfuric  acid  must  be  entirely  free  from  arsenic. 

Various  processes  are  in  use  to  purify  acid  from  arsenic,  but  in 
all  of  them  the  latter  is  precipitated  as  insoluble  sulfid.  Cham- 
ber acid  to  be  purified  has  to  be  warmed  and  diluted  to  about 
46°  B6.  If  large  quantities  of  acid  containing  much  arsenic  have 
to  be  treated  it  is  considered  cheaper  to  use  hydrogen  sulfid  made 
from  iron  sulfid  and  sulfuric  acid.  But  for  acids  containing  little 
arsenic  the  purification  with  a  solution  of  barium  sulfid  is  simpler 
and  cheaper.  Nothing  harmful  remains  in  the  acid,  most  of  the 
sulfate  of  barium  and  sulfid  of  arsenic  settles  rapidl)',  and  in  a  few 
liours  the  acid  can  be  run  through  a  suitable  filter  to  get  it 
perfectly  clear. 

It  remains  now  to  express  the  relative  value  of  brimstone  and 
pyrites  in  figures. 

Mr.  W.  H.  Adams,  in  the  article  mentioned  above,  figures  the 
available  sulfur  in  pyrites  as  equivalent  or  even  better  than  brim- 
stone. But  anyone  conversant  with  the  subject  can  easily  see 
that  many  of  his  figures  are  entirely  wrong.  For  instance,  he 
calculates  with  brimstone  a  consumption  of  six  per  cent,  niter, 
with  pyrites  only  four  and  one-half  per  cent,  niter,  assuming  the 
same  production  of  sulfuric  acid  in  the  same  chamber  space.  He 
further  calculates  the  work,  cost  of  plant,  wear  and  tear  the  same 
in  both  cases. 

Mr.  J.  H.  Kelley*s  calculations  are  more  reliable  but  too  much 
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in  favor  of  brimstone.  Although  he  assumes  the  chamber  space 
necessary  for  pyrites  to  be  one-third  larger  than  for  brimstone, 
he  calculates  3.6  per  cent,  niter  for  brimstone  and  five  per  cent, 
for  pyrites ;  he  further  calculates  the  wear  and  tear  on  a  pyrites 
plant  to  be  twice  as  much  per  ton  of  acid  produced  as  on  a 
brimstone  plant. 
The  author  makes  the  following  calculation : 

CHAMBER  ACID  FROM   BRIMSTONE. 

2\  tons  brimstone  (5600  lbs.),  |2t.oo  per  ton I52.50 

225  lbs.  niter  (  =  4  per  cent,  of  the  brimstone),  2  cts.  per  lb.      4-5o 

220  lbs.  sulfuric  acid,  60^  B6.,  40  cts.  per  100  lbs 88 

4  men  at  I1.50  (2  firemen  for  boilers  included) 6,00 

Wear  and  tear  on  buildings,  furnace,  chambers,  etc.,  40  cts. 

per  ton  chamber  acid  produced 5.40 

Repairs  on  buildings,  furnace,  chambers,  etc.,  20  cts.  per 

ton  chamber  acid  produced 2.70 

Fuel,  light,  etc. 2.00 

Office  expenses 5.00 

Interest  on  capital  invested 5.00 

Product — 13J  tons  (2000  lbs.  each)  =  27000  lbs. $83.98 

I  ton  chamber  acid,  50^^  Be.,  costs  I6.22. 

CHAMBER  ACID  FROM  PYRITES. 

si  tons  pyrites  (=  12320  lbs.),  37  per  cent,  available  sulfur, 

f 6.00 I3300 

180  lbs.  niter  (=4  per  cent,  of  the  available  sulfur),  2  cts. 

per  lb. 3.60 

250  lbs.  sulfuric  acid,  60^  B^.,  40  cts.  per  100  lbs. i.oo 

Breaking  of  the  pyrites  and  removing  the  cinders 1.40 

6  men  at  J1.50  (2  firemen  for  boilers  included) 9.00 

Wear  and  tear  on  buildings,  furnaces,  chambers,  etc.,  50 

cts.  per  ton  chamber  acid  produced 5.50 

Repairs  on  buildings,  furnaces,  chambers,  etc.,  25  cts.  per 

ton  chamber  acid  produced 2.75 

Fuel,  light,  etc. 2.00 

Office  expenses 5.00 

Interest  on  capital  invested 5.50 

Product — II  tons  (2000  lbs.  each)  =  22000  lbs.,  cost $68.75 

I  ton  chamber  acid,  50'-  Be.,  costs -$6.25. 

It  must  not  be  forgotten  that  this  is  the  cost  of  sulfuric  acid 
50°  B^.  in  the  chambers,  without  the  expenses  incurred  in  con- 
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centrating,  packing,  handling,  and  losses  in  handling,  etc.,  but 
these  will  be  alike  in  both  cases.  If  American  pyrites  are  used, 
the  cost  of  purifying  the  acid  from  arsenic  is  only  about  ten  cents 
per  ton. 

We  see  that  from  pyrites  containing  forty  per  cent,  sulfur,  at 
$6.00  per  ton,  chamber  acid  can  be  made  at  the  same  cost,  as 
with  brimstone  at  $21.00.  Forty  per  cent,  pyrites  yields  about 
thirty-seven  per  cent,  available  sulfur;  one  ton  of  the  latter  there- 
fore costs  8-**^^^^=:  $16.20,  and  the  difference  between  $16.20  and 
$21.00,  that  is  $4.80,  expresses  the  lesser  value  of  a  ton  of  avail- 
able sulfur  in  p3rrites  compared  with  brimstone.  From  this  the 
following  table  of  values  has  been  calculated : 


Cost  of  I  ton  pyrites 

with  37^  avail. 

sulfur. 

CoRt  of  I  ton 
avail,  sulfur. 

Lesser 
value. 

Corresponding 

value  of  I  ton 

brimstone. 

I5.OO 

|i3-5o 

J4.80 

J18.30 

6.00 

16.20 

4.80 

21.00 

7.00 

18.90 

4.80 

23.70 

8.00 

21.60 

4.80 

26.40 

If,  however,  pjTites  rich  in  arsenic  is  used,  and  all  the  acid  has 
to  be  purified,  the  ** lesser  value"  would  have  to  be  increased 
about  $1.50,  making  it  $6.30.  Taking  pyrites  with  fort>--seven 
per  cent,  available  sulfur  at  $8.00,  one  ton  available  sulfur  would 
cost  $17.00;  add  $6.30  and  we  get  $23.30  as  the  corresponding 
value  of  brimstone. 

Let  us  hope  that  the  immense  deposits  of  brimstone  in  our 
country  can  soon  be  made  Ui5e  of,  and  enable  the  acid  maker  to 
return  to  this  ideal  raw  material  f 


TRINIDAD  PITCH:    ITS  OCCURRENCE,  ORIGIN, 
NATURE,  AND  COMMERCIAL  APPLICATION 

FOR  PAVING.* 

By  Clifford  Richardson. 

The  island  of  Trinidad  lies  off  the  north  coast  of  South  America, 
between  10°  and  11°  of  latitude  and  61°  and  62°  of  longitude. 
It  is  bounded  on  the  north  by  the  Caribbean  Sea,  on  the  east  by 
the  Atlantic,  on  the  south  by  a  narrow  channel,  into  which  flow 
;xie  waters  of  the  northern  and  most  westerly   mouths  of  the 

*  From  a  report  to  the  Engineer  Commissioner  of  Washing^ton.  D.  C. 
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Orinoco,  and  on  the  west  by  the  Gulf  of  Paria,  the  two  latter 
bodies  of  water  separating  it  from  the  mainland  of  Venezuela. 

It  is  of  an  irregular  rectangular  shape,  with  promontories 
extending  from  its  southwestern  and  northwestern  comers  which 
are  several  miles  in  length,  between  which  and  the  mainland  are 
the  narrow  straits  known  as  the  Dragons  and  Serpents  mouths. 
These  promontories  form  a  large  portion  of  the  northern  and 
southern  boundaries  of  the  shallow  rectangular  Gulf  of  Paria, 
whose  outlets  to  the  ocean  are  through  the  Dragons  and  Serpents 
mouths.  The  island  has  an  average  length  of  forty-eight  miles 
and  breadth  of  thirty-six,  containing  about  1,750  square  miles 
and  being  about  one-fifth  the  area  of  the  State  of  Vermont.  It 
is,  as  a  whole,  a  flat  country,  with  a  high  and  striking  mountain 
chain  descending  abruptly  into  the  sea  along  its  northern  shore 
and  with  low  central  and  southern  ranges  of  less  importance. 
Its  coasts  are  naturally  abrupt  on  the  north,  and  consist  of  low 
bluffs  on  the  south  and  are  flat  on  the  east  and  west.  The  only 
harbors  are  on  the  western  coast. 

The  shape  and  structure  of  the  long  promontories  which  have 
been  mentioned  reveal  the  fact  that  Trinidad  is,  structurally, 
intimately  connected  w4th  the  main  land.  This  is  proved  by  the 
geology  and  fauna  of  the  island,  the  latter  corresponding  closely 
to  that  of  the  mainland  and  the  geological  structure  being  a 
continuation  of  that  of  the  continent. 

Its  climate  is  entirely  tropical  and  somewhat  different  from  that 
of  the  remaining  Antilles  in  this  respect. 

Trinidad  was  discovered  by  Columbus  on  his  third  voyage  in 
1498  and  taken  possession  of  in  the  name  of  Spain,  which  colo- 
nized it  about  ninety  years  after.  In  1 797  it  was  taken  by  Great 
Britain,  and  has  remained  since  then  one  of  her  most  important 
West  Indian  colonies,  and  the  second  in  size. 


GEOI.OGY   OF  THE    ISI.AND. 

The  island  of  Trinidad,  while  not  directly  connected  with  the 
chain  of  islands  of  volcanic  origin  known  as  the  Windward  or 
Caribbean  Islands,  is  directly  on  the  great  line  of  volcanic 
disturbances   running    from  these   to    the  continent   of   South 
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America  and  its  volcanic  regions.  Many  of  the  Windward 
Islands  are  still  possessed  of  active  vents,  so  that  Trinidad  may 
be  looked  upon,  with  its  thermal  springs  and  pitch  deposits,  as 
being  situated  at  the  lowest  point  between  the  mountainous  vol- 
canic chains  of  the  West  Indies  and  those  of  South  America. 

Its  geology  has  been  studied  to  any  extent  only  by  Wall  and 
Sawkins,  who  in  i860  published  under  government  auspices  a 
**Report  on  the  Geology  of  Trinidad,  etc.,'*  in  which  they  give 
an  elaborate  account  of  the  structural  geology  of  the  island  and 
its  pitch  deposits.  More  than  two-thirds  of  the  surface  is  of  ter- 
tiary or  recent  origin,  including  the  entire  southern  portion, 
where  the  pitch  deposits  are  located.  The  formations  consist  of 
clay,  loose  sand,  shales,  limestones,  calcareous  sandstones,  indu- 
rated clays,  porcelainites  of  brilliant  colors,  with  pitch  deposits 
and  lignite  here  and  there.  The  beds  have  been  considerably 
disturbed  and  have  at  times  a  large  dip.  In  a  series  of  loose 
sand,  clays,  and  shales  lies  the  Pitch  Lake,  with  no  calcareous 
formation  near  at  hand. 

Without  lengthening  this  report  with  further  references  to  the 
geological  structure  of  the  island,  I  would  refer  the  reader  desir- 
ous of  examining  the  subject  in  greater  detail  to  the  original  . 
work   of  Wall   and   Sawkins,  especially   that  portion  denoted 
Appendix  C. 

THE   PITCH    DEPOSITS. 

While  there  are  deposits  of  pitch  scattered  all  over  the  islands, 
the  only  ones  of  commercial  importance  are  those  situated  on  La 
Brea  Point,  in  the  wards  of  La  Brea  and  Guapo,  in  the  county  of 
St.  Patrick,  on  the  western  shore  of  the  island.  They  are  about 
twenty-eight  miles  in  an  air  line  from  Port  of  Spain,  the  seat  of 
government,  the  chief  harbor  and  only  port  of  entrance,  and  lie  on 
the  north  shore  of  the  southwestern  peninsula,  the  point  upon 
which  they  are  situated  being  apparently  preserved  from  destruc- 
tion by  the  sea,  which  is  elsewhere  rapidly  w^earing* away  the 
coast,  by  the  bituminous  deposits  which  exist  along  the  shore  and 
even  some  distance  from  it,  and  which  from  their  toughness  resist 
the  action  of  the  v^^aves  better  than  the  soft  rocks  of  this  region. 
The  pitch  deposits  are  found  scattered  over  the  point,  but  can  be 
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divided  conveniently  into  two  classes,  according  to  their  source. 

The  main  deposit  is  a  body  of  pitch  known  as  the  Pitch  Lake, 
situated  at  the  highest  part  of  the  point. 

Between  this  and  the  sea,  and  more  especially  toward  La  Brea, 
are  other  deposits,  covered  more  or  less  and  mixed  with  soil. 

The  pitch  from  these  sources  is  classed  as  'Make  pitch"  and 
**land  pitch." 

THE  PITCH  I.AKE. 

By  far  the  largest  amount  of  pitch  is  found  apparently  in  the 
Pitch  Lake,  a  nearly  circular  area  of  114.67  acres,  138  feet  above 
sea  level.  From  the  lake  the  ground  falls  away  on  all  sides, 
except,  perhaps,  a  slight  ridge  to  the  east  and  southeast.  In 
fact,  it  seems  plain  that  this  deposit  lies  in  the  crater  of  a  large 
mud  volcano  which  has  filled  up  with  pitch. 

The  crater  is  a  fiat,  gently  sloping  mound,  wooded  over  a  large 
portion,  open  savanna  elsewhere,  and  toward  the  north  merely 
grassed  over. 

On  the  west  its  slopes  toward  the  sea  are  gentle  for  some 
distance,  but  then  more  abrupt.  On  the  north,  toward  La  Brea 
Point,  the  reverse  is  the  case,  and  a  ravine  runs,  with  a  small 
stream,  quite  to  the  \411age,  this  slope  being  very  scantily 
covered  by  a  growth  of  coarse  grass  near  the  lake,  becoming 
more  bushy  farther  on,  while  the  other  slopes  are  well  wooded, 
with  magnificent  palms  near  the  lake,  forming  a  beautiful  band 
or  border  around  it,  within  which  is  a  grassy  zone  of  about  100 
to  200  feet  or  more  in  width. 

As  to  the  depth  of  the  pitch  deposits  and  of  the  crater  many 
conjectures  have  been  made,  but  none  of  them  seem  founded 
upon  any  basis  of  fact.  At  some  little  distance  from  the  edges 
pits  have  been  sunk  as  deep  as  twelve  feet,  in  which  pitch  has 
welled  up  rapidly  from  the  bottom,  showing  that  there  must  be 
some  feet  more  of  the  substance  underneath.  It  is  impossible, 
or  has  been  impracticable,  to  sink  deeper  pits  on  account  of  the 
rapidity  with  which  the  pitch  flows  in  all  directions,  and 
attempts  to  bore  were  equally  unsuccessful  in  1889. 

In  past  times  the  pitch  very  probably  continued  to  collect  until 
it  overflowed  the  rim  of  the  crater  in  many  directions,  and  thus 
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perhaps  became  the  source  of  some  of  the  land-pitch  deposits 
now  fonnd  all  the  way  from  the  lake  to  the  sea. 

At  first  sight  of  the  Pitch  Lake  one  sees  a  flat,  dark  expanse 
of  pitch,  dotted  here  and  there  with  large  clumps  of  shrubs  and 
grasses,  surrounded,  except  to  the  north,  with  a  wall  of  palms. 

On  closer  inspection  it  appears  that  the  central  portion  of  the 
surface  is  divided  up  by  a  network  of  pools,  looking  from  a  dis- 
tance like  shallow  puddles  of  rain  water.  On  walking  over  the 
lake,  which  is  entirely  possible,  it  will  be  seen  that,  while  these 
pools  are  accumulations  of  rain  water,  they  are  deeper  than  would 
be  expected,  in  many  cases  several  feet,  and,  with  their  irregular 
shape,  depend  upon  the  fact  that  the  pitch  is  not  one  homogeneous 
mass,  but  consists  of  spherical,  polygonal,  mushroom-like  masses, 
which  at  the  point  where  several  come  together  form  the  spaces, 
which  are  filled  with  water. 

These  masses  of  pitch,  slightly  convex  on  the  surface,  are  one 
of  the  most  distinctive  features  of  the  lake  surface.  They  range 
from  thirty  to  two  hundred  feet  in  diameter,  with  a  round,  roll- 
ing edge,  and  coalesce  more  or  less,  depending  upon  the  hard- 
ness of  the  pitch  of  which  they  are  composed,  there  being  a  con- 
siderable difference  in  this  respect  between  the  edges  and  center 
of  the  lake.  Owing  to  the  softer  nature  in  the  center  there  are 
there  fewer  pools  and  shallower  ones. 

One  of  the  most  characteristic  mushroom-like  masses,  situated 
near  the  central  part  of  the  lake,  is  an  almost  perfect  circle  of 
sixty-six  feet  in  diameter.  It  has  a  convexity  of  one  foot  six 
and  a  half  inches,  and  a  very  regular  and  typical  formation,  being 
neither  too  soft  nor  too  hard  to  retain  all  the  evidences  of  change 
of  shape.  It  is  the  summit  of  one  of  the  domes  »  •  • 
******  which  reveals  the  wavy  nature 
of  the  lake  level  caused  by  the  dome-like  masses  and  the  depressed 
pools  between  them. 

There  have  been  several  attempts  made  to  explain  the  existence 
of  these  interstitial  spaces  without  entire  satisfaction,  but  it  is 
plain  to  any  observer  that  each  large  mass  has  a  motion  of  its 
own  by  which  the  lower  portions  are  brought  up  and  roll  out 
from  the  center  to  the  edges. 

This  motion,  with  the  aid  of  the  water,  preserx'es  the  circular 


TRINIDAD    PITCH.  7OI 

or  polygonal  shape  of  each  mass  and  thus  permits  the  continued 
existence  of  the  star-shaped  pools.  The  rolling  motion  is  evi- 
denced by  the  form  of  the  edges  and  by  sticks  and  other  foreign 
substances  which  rise  out  of  the  pitch  and  assume  various  angles 
as  the  mass  rolls  toward  the  edge.  The  sticks  often  carry  a  cap 
of  pitch  which  they  have  torn  away  from  the  surface,  but  they 
never  have  any  adherent  to  the  sides,  nor  will  pitch  adhere  to 
wet  substances.  Gas  bubbles  or  cavities  which  are  found  all 
through  the  lake  pitch  as  they  reach  the  surface  are  drawn  out, 
with  the  movement  of  the  mass  toward  the  circumference,  into 
fine  lines,  and  the  whole  surface  becomes  covered  with  rings  and 
wrinkles  showing  the  concentric  motion  that  is  going  on.  This 
movement  or  rolling  motion  in  the  pitch  is  explained  with  greatest 
probability  as  due  to  alternate  expansion  and  contraction  of  the 
viscous  mass  caused  by  changes  of  temperature  between  day  and 
night,  during  the  day  the  surface  of  the  pitch  reaching  a  tempera- 
ture of  140*^  F.,  and  at  night  falling  to  80°  or  90°,  or  lower.  It 
may  be  also  influenced  by  the  continued  evolution  of  gas  in  the 
mass. 

The  rain-fall  of  Trinidad  is  of  tropical  abundance,  so  that  the 
joints  are  kept  full  at  all  seasons,  and  the  water  prevents  the 
coalescing  of  the  edges,  although  not  that  of  change  of  shape, 
in  the  mass. 

Notwithstanding  the  motion  in  the  mass  the  pitch  of  nearly 
the  entire  lake  is  hard  enough  to  walk  over  easily,  and  with  the 
pick  can  be  flaked  out  in  semi-conchoidal  masses  of  fifty  to  seventy 
pounds  weight.  A  person  standing  for  any  length  of  time  in 
one  place  would  sink  a  slight  distance,  and  a  hole  several  feet 
deep  will  gradually  fill  up  in  a  few  days  and  disappear.  This 
takes  place  by  a  pressure  in  all  directions,  upward  as  well  as 
lateral,  and  is  well  illustrated  in  an  experiment  which  was  made 
at  a  point  about  three  hundred  feet  from  the  edge  of  the  lake. 

A  pit  was  sunk  in  the  lake  about  three  hundred  yards  from 
Station  25  on  Monday,  November  16,  11  A.  M.  Its  changes  in 
shape  and  rapid  filling  appear  from  the  following  measurements : 
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Nov.  i6,  Nov.  i6.  Nov.  17.  Nov.  iS, 

II  A.  M.  3  P.  M.  10.30  A.  M.  12  M. 

Top: 

East  to  west  6  ft.  3  in.  6  ft.  5  ft.  7  in,         12  in. 

North  to  south  5  ft.  3  in.  5  ft.  2  in.  5  ft.  

Bottom : 

East  to  west  4  ft.  3  ft.  6  in.  3  ft.  

North  to  south  4  ft.  3  ft.  5  in.  2  ft.  9  in.         

Depth                        3  ft.  to  3  ft.  3  in.  3  ft.  to  2  ft.  Sin,    i  ft.  7  in.          Sin. 
Surface  rises  3  in.  4  in.         

The  changes  show  that  the  pressure  was  in  every  direction, 
upward  as  well  as  lateral,  and  that  the  form  the  pit  assumed  was 
what  we  should  expect  as  the  resultant  of  forces  acting  in  this 
manner  in  a  \ascous  mass.  In  fact,  Trinidad  pitch,  whether  in 
the  lake  or  when  taken  elsewhere,  illustrates  most  perfectly  all 
the  phenomena  of  glacial  flow,  and  when  stored  in  heaps  soon 
becomes  a  solid  mass,  although  brittle  enough  to  be  flaked  with 
a  pick  at  any  time.  It  may  be  made  a  convenient  means  of  illus- 
trating many  well-known  geological  facts. 

Near  the  center  of  the  lake  there  are  in  some  of  the  joints 
patches  of  softer  pitch,  some  of  it  so  soft  that  a  boy  sinks  to  his 
knees  in  twenty  seconds.  It  is  not  of  different  temperature  from 
the  harder  pitch,  in  fact  is  a  little  cooler,  owing  to  its  surroundings, 
but  it  is  of  a  brilliant,  glossy  black,  like  gas  tar,  and  is  filled  witli 
and  continually  emits  gas.  This  gas  near  the  edges  of  the  mass 
is  from  time  to  time  evolved  wdth  considerable  violence  and  bums 
readily.  It  is  largely  hydrogen  sulfid  and  carbon  dioxid.  De- 
posits of  sulfur  are  seen  about  the  rents,  and  the  water  is  of  a 
strong  mineral  character  and  so  mixed  with  the  pitch  that  masses 
of  the  latter  can  be  picked  up  and  kneaded  in  the  hands  without 
its  adhering  to  them. 

At  the  soft  spot  the  evolution  of  gas  is  so  rapid  as  to  be 
evident  even  to  the  ordinary  observer,  but  it  undoubtedly 
takes  place  to  a  smaller  degree,  at  all  times,  all  over  the  lake. 
*****  The  large  conchoidal  flakes  of 
pitch  picked  out  for  shipping  reveal  the  fact  that  all  the  lake 
pitch  is  honeycombed  with  gas  cavities  looking  much  like  tliose 
in  a  Swiss  cheese. 

If  the  soft  pitch  is  collected  and  in  the  laboratory  allowed  to 
stand  in  a  closed  vessel  in  a  warm  place  it  will  continue  to  evolve 
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gas  which  can  be  collected ;  in  fact,  samples  in  sealed  tin  cans 
all  exploded  while  coming  from  Trinidad,  showing  that  a  chemi- 
cal reaction  of  considerable  energy  was  going  on.  This  reaction, 
without  doubt,  continues  for  a  long  time,  as  the  pitch  grows 
harder,  and  in  conjunction  with  the  surrounding  physical  condi- 
tions may  somewhat  influence  the  movement  of  the  pitch  in  the 
mushroom-like  masses. 

Although  the  soft  pitch  is  said  by  E.  L.  Joseph,  in  a  history 
of  Trindad  published  in  1837,  to  occupy  a  space  of  three  and 
one  half  acres,  it  does  not  seem  now  to  cover  more  than  a  few 
irregular  joints  amounting  to  a  few  hundred  square  yards. 

A  pole  penetrates  not  more  than  six  feet  before  striking  hard 
pitch.  The  soft  spot  is,  in  fact,  caused  by  the  filling  up  of  some 
of  the  old  joints  with  soft  pitch  instead  of  water  and  it  is  chroni- 
cled that  where  an  evolution  of  soft  pitch  is  found  beginning  in 
a  watery  joint  it  arises  to  the  surface  in  the  shape  of  a  mushroom. 

In  the  neighborhood  of  the  very  soft  pitch  are  found  joints  filled 
with  semi-soft  material  and  others  with  pitch  of  different  degrees 
of  hardness,  so  that  it  is  very  apparent  that  the  soft  stuff  gradu- 
ally changes  and  becomes  like  the  remainder  of  the  lake. 

THE   IvEVEL    OF   THE    LAKE. 

In  1885,  Mr.  M.  S.  Manross  described  the  Pitch  Lake  in  the 
American  Jottrjial  of  Science.  Of  the  pitch  at  the  edge  of  the 
lake,  w^here  the  road  starts  for  La  Brea,  he  says  :  **Here  the  pitch 
is  bare  or  but  slightly  covered  with  grass.  Its  appearance  is 
not  that  of  a  sudden  simultaneous  overflow  in  a  single  smooth 
stream,  but  that  of  a  g^eat  number  of  streams,  each  but  a  few 
number  of  yards  or  rods  in  breadth."  It  is  evident  from  this  de- 
scription that  there  must  have  been  an  actual  overflow  from  the 
lake  or  crater  at  the  time.  To-day  there  is  nothing  of  that  sort  to 
be  seen,  and  the  pitch  outside  the  lake  is  well  grassed  over.  This 
is  undoubtedly  due  to  the  very  large  amount  of  pitch  removed 
from  the  lake  in  the  last  twenty  years,  and  is  confirmed  by  the 
fact  that  on  the  east  and  west  sides  of  the  lake  are  well  defined 
terraces  of  hard  pitch,  showing  the  old  lake  margins. 

It  appears  that  the  level  of  the  lake  has  fallen  in  the  last  few 
years  about  two  feet,  as  evidenced  by  the  terrace  on  the  southern 
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margin,  or,  if  this  terrace  is  deceptive,  as  much  as  two- thirds  of 
a  foot,  as  shown  by  the  terrace  on  the  northern  margin.  I  am 
inclined  to  believe  that  the  northern  terrace  has  been  somewhat 
denuded  and  that  the  southern  one  is  too  high  and  that  the  lake 
has  perhaps  fallen  in  level  a  foot  or  a  little  more. 

The  surface  of  the  lake  appears  from  the  plotted  levels  to  be 
decidedly  undulatory,  especially  in  the  center,  which  is  at  the 
same  time  higher  than  the  southern  side  and  quite  as  high  as 
the  northern,  except  in  the  immediate  neighborhood  of  the  soft 
spot.  Had  the  levels  been  run  from  top  to  top  of  the  mushroom- 
like masses  instead  of  at  regular  intervals,  which  at  times  fell 
near  the  joints,  probably  some  of  the  lower  depressions  would 
have  beeti  avoided. 

THE  LAND-PITCH  DEPOSITS. 

La  Brea  Point  consists  of  a  mass  of  hardened  pitch  deposits  and 
reefs  extending  some  distance  into  the  gulf  and  along  the  shore 
in  both  directions.  The  deposits  are  found  in  greater  or  less 
abundance  at  all  points  between  the  shore  and  the  lake,  and 
directly  along  the  line  of  the  road,  over  an  area  estimated  at  a 
thousand  acres  or  more.  Two  feet  or  more  of  soil  cover  the 
deposit  at  some  distance  from  the  lake,  but  near  it  the  thickness 
diminishes  and  at  places  bare  pitch  is  found. 

On  the  point  the  pitch  of  the  reefs  is  hard  and  resonant  and 
has  no  cementitious  value.  The  nearer  the  deposits  are  to  the 
lake,  however,  the  more  viscous  they  become. 

The  incline  from  the  lake  to  the  gulf,  a  distance  of  three- 
quarters  of  a  mile,  is  at  first  about  one  in  twenty-five,  gradually 
diminishing  to  the  shore.  Near  the  edge  of  the  lake  there  is 
now  a  rank  growth  of  g^ass,  followed  by  shrubs  and  trees  after 
passing  the  forks  of  the  road.  In  the  village,  cultivated  land  is 
found,  and  large  pits  filled  with  stagnant  water,  from  which 
pitch  has  been  excavated.  Except  very  near  the  lake,  the  pitch 
excavated  from  the  land  deposits  is  of  a  very  different  appear- 
ance from  that  taken  from  the  lake,  and  it  is  also  of  several 
kinds. 

The  conchoidal  masses  removed  from  the  lake,  as  I  have  said, 
contain  large  gas  cavities,  and  in  appearance  and  somewhat  in 
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Consistency  resemble  a  black  Swiss  cheese.  On  this  account  the 
land  pitch  most  nearly  resembling  this  is  known  as  **  cheese 
pitch.*'  It  occurs  in  various  degrees  of  porosity  and  life.  In 
addition,  land  pitch  is  found  in  solid  masses  scarcely  to  be  dis- 
tinguished from  refined  asphalt,  and  this  is  known  as  *  *  iron  pitch.  *  * 
Pitch,  known  as  '*  cokey  pitch,*'  from  having  been  coked  by  the 
burning  of  the  bnish  over  its  surface,  and  the  chocolate  and 
friable  alteration  products  which  have  originated  from  atmos- 
pheric action  and  disintegration,  are  also  recognized. 

I  am  informed  that  in  excavating  for  land  pitch  there  is  fre- 
quently found  at  that  depth  where  the  deposit  seems  to  be  about 
to  vanish  a  dirty,  black,  sticky  clay.  In  the  same  hole,  there- 
fore, it  seems  to  be  possible  for  all  the  different  kinds  of  land 
pitch  to  be  associated. 

As  can  be  seen  in  the  *  *  »  ♦  specimens 
which  have  been  collected,  the  land  pitch  has  lost  much  of  its 
viscosity,  and  does  not  become  an  easy  yielding  mass  under  the 
summer  sun.  It  occurs,  as  described  by  Mr.  Bowen,  who  was 
present  at  a  time  of  more  active  excavation  than  I,  **in  all  sorts 
of  peculiar  shapes,  some  as  irregular  columns,  two  or  three  feet 
thick  and  three  to  five  feet  high,  others  as  long  irregular  mounds ; 
some  as  beds  with  surface  covered  with  irregular  depressions 
and  cavities,  and  all  stiff  and  unyielding. 

• '  Some  of  these  pits  make  it  appear  as  if  earth,  etc. ,  constituted 
full  three-quarters  of  the  original  mass  before  mining  was  done. 
In  a  few  places  in  the  village  it  was  noticed  that  the  half-hidden 
asphalt  was  on  the  surface  of  the  ground,  and  that  its  edges 
presented  the  rolling  character.'* 

Mr.  Bowen  also  says :  **The  origin  of  the  asphalt  and  its  erra- 
tic forms  as  seen  in  the  villiage  pits  and  of  the  bowlder-like, 
masses  along  shore  is  obscure. 

*'It  .seems  by  their  peculiar  forms  and  their  detached  state  as 
if  this  asphalt  never  came  from  the  lake  by  overflow,  but  that  it 
oozed  up  out  of  the  earth  through  more  or  less  small  and  some- 
what scattered  fissures,  and  that  by  long  exposure  to  the  elements 
and  an  ancient  cessation  from  gas  evolution  it  has  long  since 
come  to  differ  greatly  physically,  and  to  a  considerble  degree 
chemically,  from  lake  asphalt." 


-N 
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These  views  agree  with  those  of  Wall  and  Sawkins.  We 
should  have,  then,  land  pitch  derived  from  an  overflow  from  the 
lake  and  land  pitch  from  pockets  where  it  has  either  originated 
or  been  pushed  up  along  lines  of  least  resistence  from  subter- 
ranean supplies.  The  presence  of  reefs  along  the  shore  and 
scattered  masses  from  miles  around,  which  could  hardly  be  de- 
rived from  the  lake,  and  of  springs  of  soft  bitumen  some  distance 
south  of  the  lake  and  also  in  the  sea,  points  also  to  the  fact  that 
this  view  of  the  question  is  correct. 

The  deposits  in  the  village,  however,  like  the  detached 
masses  along  shore,  seem  to  be  of  considerably  greater  age  than 
any  others  and  of  correspondingly  little  value  for  cementing  pur- 
poses. 

THE   ASPHALT   OF   THE   LAKE   AND   OF   THE    LAND    DE- 
POSITS  FORTY   YEARS   AGO. 

I  have  quoted  from  a  paper  by  N.  S.  Manross,  published  in 
\h^  American  Journal  of  Science  \n  1855,  ♦         *         »         » 

in  which  he  gives  a  graphic  description  of  the  lake  and  the 
overflow  from  it,  although  the  technical  applications  of  pitch 
were  then  small.  His  observations  are  of  value  to-day  as  being 
unbiased  and  being  made  under  circumstances  which  time  has 
apparently  largely  modified.  Some  of  his  statements  which  are 
of  present  interest  are  as  follows:  He  says,  *'In  no  part  of  the 
ascent  from  the  shore  to  the  lake  does  the  pitch  appear  to  be  cov- 
ered by  more  than  one  or  two  feet  of  soil,  while  in  the  most  places 
it  is  entirely  bare.  .  *  *  *  In  places  where  the  surface  is  not 
protected  by  vegetation,  it  becomes  so  far  softened  by  the  sun  as 
to  be  still  making  progress  downward.  On  nearing  the  lake  the 
ascent  becomes  steeper,  amounting  to  perhaps  twenty-five  feet 
in  the  last  ten  rods. 

"Here  the  pitch  is  bare  or  slightly  covered  with  grass.  Its 
appearance  is  not  that  of  a  sudden  simultaneous  overflow  in  a 
single  smooth  stream,  but  that  of  a  great  number  of  streams,  each 
but  a  few  yards  or  rods  in  breadth.  These  independent  streams 
have  jostled  one  another  strangely  in  their  progress.  Their  sur- 
faces are  wrinkled  and  drawn  out  into  all  manner  of  contortions, 
and  where  the  edges  meet  small  ridges  have  been  thrown  up,  and 
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the  pitch  broken  into  fragments  not  unlike  the  scoriae  of  lava  cur- 
rents. These  fragments  of  pitch  were  on  fire  in  several  places, 
having  been  kindled  by  a  fire  which  ran  through  the  *bush'  a 
few  weeks  before.  The  direction  of  the  principal  stream  from 
the  lake  is  to  the  north.*' 

Referring  to  the  pitch  nearer  the  sea,  he  says  :  *  'In  some  places 
the  bitumen  is  so  mixed  with  earth  as  to  lose  some  of  its  tough- 
ness as  well  as  some  shades  of  its  pitchy  hue.*' 

From  these  observations  it  seems  plain  that  there  was  practi- 
cally an  overflow  as  late  as  1854  and  a  movement  in  the  over 
flow  pitch.  There  must  have  been,  then,  also  much  less  growth 
on  this  overflow  than  at  present,  when  it  is  scarcely  possible  to 
make  it  out  even  near  the  lake.  The  bush  fires  also  account  for 
the  coke  we  have  found.  The  reason  of  this  gradual  oblitera- 
tion of  the  overflow  stream  and  increased  growth  of  herbage  is 
due  undoubtedly  to  the  stoppage  of  the  flow.  Our  investigations 
as  to  the  relative  level  of  the  lake  and  crater  sides  *  * 

*  *  *  *  prove  that  this  has  been  caused  by  the  re- 
moval of  so  much  pitch  in  the  time  since  1854  that  the  level  of 
the  lake  is  so  diminished  as  to  prevent  any  continuance  of  the 
overflow.  In  the  last  twenty-five  years  nearly  300,000  tons  of 
pitch  have  been  taken  from  the  lake,  and  as  the  influx  is  small 
the  lake  level  has  naturall}'^  been  much  reduced  and  the  flow 
toward  the  village  stopped.  In  consequence,  herbage  has  grown 
up  on  the  old  surface  and  concealed  the  pitch  more  or  less.  The 
elements  have  then  acted  on  it  during  a  series  of  years  and 
considerably  altered  its  character.  Even  in.  Manross's  time  the 
older  overflow  appeared  to  him  to  have  deteriorated. 

Whether  the  entire  supply  of  the  point  was  originally  from  the 
lake  can  not  be  said,  but  in  the  light  of  the  above  observations 
of  active  movement  in  1854  it  appears  probable  that  the  flow  may 
even  in  comparatively  recent  ages  have  extended  a  long  distance 
toward  the  sea  even  while  other  masses  of  pitch  may  have  broken 
out  or  originated  in  the  soil  at  lower  points  independently  of  the 
lake,  as  suggested  by  Wall  and  Sawkins.  In  this  case  much  of 
the  land  pitch  must  have  been  exposed  for  very  long  periods  to 
natural  conditions  which  would  cause  great  deterioration  and 
make  it  essentially  inferior  to  the  lake  pitch. 
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Mannross's  description  of  the  lake  structure  and  its  movements 
is  extremely  graphic  and  well  worth  reading.  Apparently  there 
has  been  little  change  in  appearances  there  since  his  time.  In 
his  paper  he  remarks  that  * '  various  attempts  have  been  made  to 
apply  the  inexhaustible  store  of  bitumen  afforded  by  the  lake  to 
some  useful  purpose, ' '  apparently  ignoring  the  land  deposits  as 
being  of  not  much  value.  **  Mixed  with  sand  and  pebbles  it  is 
much  used  for  pavements  and  ground  floors  of  houses  at  Port- 
of- Spain." 

From  the  preceding  description  it  is  seen  that  there  is  a  great 
deal  of  land  pitch  scattered  over  La  Brea  Point;  that  it  is  of 
various  forms  and  qualities,  and  that  while  in  the  best  excavations 
as  much  as  10,000  tons  per  acre  may  be  obtained,  other  diggings 
do  not  afford  in  quantity  or  quality  enough  pitch  to  be  remunera- 
tive. »»**#*  ♦ 

OTHER  BITUMINOUS  DEPOSITS  IN  THE  ISLAND  AND  VICINITY. 

Some  little  distance  south  and  west  along  the  coast  from  the 
Point  Boyer  anchorage  oil  may  be  seen  in  spots  upon  the  surface 
of  the  gulf,  distinguished  on  a  windy  day  by  the  comparative 
freedom  from  waves  about  it.  This  oil  comes  from  submarine 
*  springs.  On  the  shore  just  around  the  first  small  point  below 
Point  Boyer  and  about  a  mile  west  of  the  lake,  and  on  a  slightly 
elevated  bank,  is  quite  a  spring  of  liquid  bitumen  which  in  fonner 
times  was  worked  with  no  commercial  success.  The  oil  holds 
much  sulfur  and  boils  largely  over  600°  F.  Another  spring 
exists  two  miles  south  of  the  lake,  and  there  are  more  at  La 
Fortune  on  Iros  bay,  eight  miles  farther  down  the  coast.  In  this 
neighborhood  I  believe  considerable  money  has  been  spent  in  the 
way  of  a  tramway  and  plant  for  obtaining  asphalt,  but  the  whole 
thing  has  now  been  abandoned. 

Manross,  in  his  article  in  1855,  says:  **From  the  point  w^here 
the  large  spring  of  petroleum  breaks  out  under  the  sea,  at  least 
three  miles  of  shore  to  the  northward,  consists  mainly  of  streams 
of  pitch  from  the  lake.  There  are  a  few  intervals  of  sandstone 
and  clay  where  elevations  have  diverted  the  bituminous  currents. 
But  all  the  most  prominent  headlands  are  those  which  are  de- 
fended by  the  indurated  pitch.     This  material  has  flowed  out  to 
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a  considerable,  though  as  yet  unknown,  distance  under  the  sea.'* 

Either  from  a  cessation  of  the  flow  or  exuberance  of  tropical 
growth  these  appearances  are  not  now  visible,  but  this  may  well 
be,  as  Manross's  description  of  the  overflow  toward  La  Brea  is 
that  of  a  scene  very  different  from  what  one  now  sees. 

This  seaward  overflow  may  be  the  cause  of  all  the  asphalt 
along  the  shore  but  it  does  not  seem  probable. 

Much  of  this  deposit  must  have,  like  the  oil  spring,  arisen  on 
the  spot  where  it  lies. 

Bituminous  deposits  are  also  found  on  the  Island  at  Mont- 
serrat  on  the  southeast  side  of  the  hills,  at  Naparima,  at  Oropuche, 
at  Quemada,  and  Moruga,  and  one  of  liquid  pitch  has  been 
discovered  at  Mayaro  in  the  last  few  months.  At  Guayaguayare, 
on  the  southern  coast,  there  is  a  large  lagoon  covered  with  oil 
or  soft  pitch,  and  known'  as  Lagoon  Bouf  from  the  fact  that  it 
boils  up  and  makes  quite  a  puffing  noise  at  times.  Submarine 
springs  of  bituminous  nature  are  found  at  various  points  on  the 
shore  and  even  on  the  eastern  or  ocean  side. 

These  bituminous  deposits  are  of  three  kinds,  the  ordinary 
pitch,  a  pure  glance,  and  oil.  None  of  them  are  of  any  commer- 
cial value. 

On  the  mainland  there  are  several  well-known  pitch  deposits 
and  many  salses  or  boiling  springs.  On  the  Pedronales  River, 
one  of  the  outlets  of  the  Orinoco,  an  English  company  is  now  at 
work  under  a  concession,  and  at  Maturin,  in  the  State  of  Ber- 
mudez,  in  Venezuela,  a  company  is  endeavoring  to  develop  large 
deposits  of  bitumen. 

COLLECTING   AND   SHIPPING   OF    PITCH. 

There  is  no  harbor  at  La  Brea,  and  owing  to  the  shoal  water 
it  is  impossible  for  vessels  which  seek  a  cargo  of  pitch  to  lie 
nearer  than  from  one-quarter  to  one-half  a  mile  from  shore.  To 
them  the  pitch  is  brought  in  lighters  holding  some  about  ten  tons 
and  others  smaller  amounts.  They  are  mostly  provided  with 
sails  and  are  strongly  built  affairs,  as  at  times,  with  a  hea\'y 
northwest  blow  in  the  dry  season,  landing  and  unloading  are 
rough  work. 

There  are  two  points  from  which  the  lighters  convey  the  pitch  to 
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the  vessels,  La  Brea  Village  and  Point  Boyer.  »  *  ♦  »  • 
From  La  Brea  both  land  and  lake  pitch  are  shipped ;  from  Point 
Boyer  only  lake  pitch.  The  county  road  runs  from  the  lake 
to  La  Brea  and  furnishes  the  means  for  the  collection  and  hauling 
of  all  the  land  pitch  to  the  shore ;  the  other  road  about  a  mile 
long,  has  been  constructed  for  the  special  purpose  of  hauling  lake 
pitch  to  Point  Boyer,  and  is  a  private  affair  over  land  owned  by 
the  Trinidad  Asphalt  Company.  At  this  point  as  much  as  7,000 
tons  of  pitch  accumulate  at  a  time  and  portions  of  it  lie  there  as 
long  as  three  months  or  more,  running  together  into  a  solid  mass. 
It  is  hauled  there  in  two- wheeled  dump  carts  with  mules.  There 
are  about  sixty  carts  in  use  at  a  time,  hauling  from  six  to  ten 
loads  a  day  between  4  or  5  A.  M.  and  2  or  3  P.  M.  Later  than 
that  it  is  too  hot  and  the  pitch  is  too  soft  to  work.  The  estate 
has  as  many  as  eighty  animals  and  others  are  hired  by  contract. 
They  are  furnished  to  the  negroes  with  tools  to  work  with  and 
so  much  is  paid  for  each  load  delivered. 

At  Point  Boyer  there  is  a  shed  where  the  pitch  is  weighed,  a 
load  generally  being  a  short  ton.  It  is  then  dumped  in  a  heap 
directly  upon  the  shore,  or  upon  a  rude  pier,  largely  a  reef  and 
point  of  hardened  pitch,  but  partially  of  artificial  construction. 
Owing  to  the  movement  of  the  pitch  and  of  the  sandy  bottom  and 
the  high  northwest  wind  which  blows  at  times,  it  seems  difficult 
to  maintain  a  suitable  pier. 

This  heap  of  pitch  runs  very  soon  into  a  solid  mass,  and,  except 
the  recent  deliveries,  must  be  picked  to  pieces  again  before  load- 
ing into  the  lighters.  This  is  done  by  negroes,  who  load  small 
baskets  carried  on  the  head  or  wheelbarrows,  with  which  they 
walk  along  a  plank  aboard  the  lighters  and  dump  it  in  a  heap 
in  the  middle.  The  quantity  of  pitch  carried  by  the  lighters  is 
known,  and  from  a  tally  of  the  number  loaded  on  a  vessel  her 
cargo  is  calculated.  Not  until  she  is  discharged  in  this  countr>' 
is  the  exact  number  of  tons  determined. 

When  two  or  more  vessels  are  loading,  lighters  may  ser\''e 
them  both  from  Point  Boyer  and  La  Brea,  there  being  a  pile  of 
lake  pitch  also  at  the  latter  place  on  the  beach,  which  has  been 
hauled  there  along  the  village  road,  and  which  is  used  as  a  source  of 
supply  for  the  epure  or  refining  works,  which  are  situated  there. 
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From  La  Brea  Point  most  of  the  pitch  for  the  continent  is 
shipped,  largely  in  a  refined  condition.  The  crude  pitch  for  this 
purpose  comes  from  the  edge  of  the  lake,  at  its  northern  and 
northeastern  edge,  about  where  the  road  leaves  the  lake  and 
near  to  the  origin  of  the  overflow.     ***** 

The  pitch  for  Point  Boyer  comes  from  the  northern,  western, 
and  southwestern  borders  of  the  lake,  portions  of  convenient 
access  to  the  two  branches  of  the  Point  Boyer  road. 

All  the  lake  pitch  is  taken  from  a  belt  200  feet  in  width  and 
about  200  feet  from  the  border  of  the  lake.  Farther  in  upon  the 
lake  difficulties  would  arise  preventing  carts  and  mules  from 
moy;ing.  The  material  is  taken  out  in  large  conchoidal  flakes, 
many  weighing  as  much  as  seventy-five  pounds.  It  has  a  rich, 
live  look  and  is  full  of  large  gas  cavities  and  shows  some 
evidences  of  water  mechanically  entangled  in  the  mass.  In 
color,  when  fresh,  it  is  a  semi-lustrous  bright  black,  with  a 
brownish  tinge,  becoming  more  brown  in  drying.  When  refined, 
as  in  epure,  it  is  a  bright  blue-black,  even  when  powdered,  and 
rapidly  runs  together  and  coalesces  at  summer  temperatures. 


LAND    PITCH. 

Land  pitch  is  obtained  by  excavation  and  separation  from  the 
earth  with  which  it  is  mingled.  It  has  been  collected  all  the 
way  from  the  lake  to  the  Point  and  varies  in  quality  vastly.  Near 
the  lake  it  has  only  a  light  covering  of  soil,  a  foot  or  less,  pro- 
duced by  material  collected  upon  it  by  wind  and  rain  and  by  the 
rotting  of  the  pitch  itself  to  a  friable  condition.  Near  the  point, 
in  certain  cases,  the  covering  becomes  many  feet  deep  and  the 
proportion  of  cheese  pitch  much  smaller,  but  even  at  the  same 
distance  there  is  a  great  variation  in  localities,  some  spots  furnish- 
ing thousands  of  tons  to  the  acre  and  others  not  paying  for 
excavation.     Near  the   lake,  naturally,  cheese  pitch  is  found 

fairly  comparable  with  lake  pitch,  but  even  here  some  iron  pitch 
and  inferior  stuff  occurs,  an  indication  that  a  change  has  already 
begun. 

Consul  Pierce  remarks  in  his  report : 

**The  cheese  pitch  of  the  land  is  firmer  and  stiffer  (the  more 
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SO,  it  seems,  the  farther  from  the  lake  it  is  found)  than  the  cheese 
pitch  of  the  lake.'* 

He  considers — 

**The  difference  was  slight  when  two  carts  containing,  one 
the  lake,  the  other  land  pitch,  were  placed  side  by  side.  The 
lake  pitch  was  somewhat  brighter  than  the  other  and  possibly 
of  a  more  volatile  appearance.*' 

This  from  a  person  unacquainted  with  the  technolog>'  of 
pitch  is  convincing  of  a  remarkable  difference,  for  if  an  entire 
novice  can  distinguish  this  in  any  way  it  must  be  actually  very 
large. 

TO   BE   CONTINUED. 

NEW  BOOKS. 

Allen's  Commercial  Organic  Analysis.*— This  book  bears 

evidence  throughout  of  careful  and  conscientious  work  on  the 
part  of  the  editor.  The  original  edition,  which  had  120  pages 
on  the  subjects  here  treated,  is  enlarged — not  padded — to  584 
pages  in  the  present  volume.  The  Amines  and  Ammonium 
bases  are  treated  in  21  pages ;  The  Hydrazines  in  17  pages;  the 
Bases  from  Tar  in  88  pages ;  and  the  rest  of  the  book  is  given 
to  the  Vegetable  Alkaloids.  The  book  is  really  a  dictionary, 
for  very  full  references  to  the  literature  of  the  subject  are  given 
under  each  heading,  so  that  the  study  may  readily  be  followed 
up.  Such  books  are  exceedingly  valuable.  The  chemist — espec- 
ially the  analyst — is  always  busy,  and  anything  which  helps  him 
to  get  needed  information  in  the  least  time  is  sure  to  be  appre- 
ciated. 

The  author  defines  the  alkaloids,  after  Konigs,  as  **  those 
organic  bases  found  in  the  plant  kingdom  which  are  pyridine 
derivatives '  * . 

The  volume  is  beautifully  printed  on  good  paper  and  has  tis^o 
plates,  after  photographs,  illustrating  the  tea  leaf  and  the  leaves 
of  those  plants  commonly  added  as  adulterants. 

*  Commercial  Organic  Analysis.  By  Alfred  H.  Allen.  Second  Edition,  revised  and 
Enlarged  Volume  III — Part  II.  Amines  and  Ammonium  Bases,  Hydrasines.  Bases  from 
Tar,  Vegetable  Alkaloids.    Philadelphia  :  P.  Blakiston,  Son,  and  Company.  1S93. 
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osmium 89 

GoocB,  P.  A.,  and  C.  G.  Smith.    A  Method  for  the  Estimation  of  Chlorates 296 

GoocR,  P.  A.,  and  H.  W.  Gruener.    A  Method  for  the  lodometric  Determination  of 
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Gruener,  H.  W.    See  Gooch,  P.  A. 
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Iron  and  steel,  determination  of  sulfur  in 245 
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determination  of  phosphorus  in,  204  determination  of  sulfur  in 301 
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MacNair,  D.  S.    Note  on  the  Detection  of  Chlorin  and  Bromin  in  Presence  of  lodin,  487 

Magnesia  and  lime,  separation  from  zinc 516 
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Manby,  C.  B.    Phosphorus  Determination  by  Neutralisation  of  the  "  Yellow  Precipi- 
tate"     82 

Manganese,  separation  from  iron  and  calcium.  94 ;  technical  estimation 663 
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Mbbkbr.  G.  H.    Frame  for  Electrolytic  Determinations 267 

Mercury,  separation  from  osmium.  91 ;  volumetric  determination  of 478 

Methane,  see  fire  damp. 

Microscopic  sediment  collector 252 

Milk  analysis,  note  on 480 

Milk,  determination  of  fat  in 286,  353 

Milk  tests,  investigation  of loi 

MiLLRR,  Edmund  H.    The  Assay  of  Tin 441 

Molybdenum,  separation  from  gold 88 
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Nickel  Analysis 643 
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Nickel,  atomic  weight  of.  382.  642 ;    qualitative  detection  of 503 

Nitrates,  method  for  iodoraetric  determinvtiou  of 411 

Nitro-Explosives,  notes  on  analysis  of 311 

Nitrogen,  standardisation  of  acid  used  for  Kjeldahl  determination  of 191 

Nomenclature,  international  conference  on  chemical 390 

Norton,  L.  M.    Notes  upon  the  Estimation  of  Chlorin  in  Electrolysed  Solutions 274 
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NovES,  W.  A.    An  Effective  Condenser  for  Volatile  liquids  and  for  Water  Analysis.    511 

^'BRINE.  DAVID.     Methods  of  Soil  Analysis 541 

Oils,  analysis  of  lubricating 293 

Oils,  apparatus  for  determining  the  liability  of.  to  spontaneou.<$  combustion 269 

Oils,  manufacture  of  vegetable 54S 

Ore  sampler 38 
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Pennock,  J.  D.    The  Analysis  of  a  Scale  Formed  in  the  Process  of  Manufacturing 

Bicarbonate  of  Soda  by  the  Ammonia-Soda  Process 6ai 

Phosphoric  acid,  determination  of  in  basic  slags 625 

Phosphoric  acid,  Spica's  method  for  determination  of 598 

Phosphorus,  determination  in  iron,  steel,  and  ores,  204 ;  determination  by  neutralisa- 
tion of  the  "  yellow  precipitate,"  243 ;  determination  in  presence  of  arsenic,  381 : 
in  iron  ores,  483 ;   use  of  Ford's  apparatus  in  determination  of,  4^5 ;   precipitation 

in  iron  and  steel S73 

Pitch.  Trinidad,  occurrence  properties,  etc 696 

Potash,  determination  by  Lindo-Gladding  method 470 

Potassium  cyanid,  contains  sodium  cyanid 467 

Potassium,  detection  and  determination  spectroscopically 46 

Pyrites,  manufacture  of  sulfuric  acid  from 9,  72,  M'.^ 

QUAI^ITATIVK  Analysis,  Undsay's  (book  review) 241 

Qualitative  analysis,  Venable's  (book  review) S99 

Qualitative  blow-pipe  analysis,  Endlich's  (book  review) 661 

Qualitative  Chemical  Analysis,  Elliott's  (book  review) 661 

Quinin,  determination  in  Cinchona  barks 596 

Z1.ICHARDS.  EX.LEN  H.    An  Apparatus  for  Determining  the  I^iability  of  Oils  to 

Spontaneous  Combustion  .  •  • 369 

RiGOS,  R.  B.    The  Separation  of  Iron,  Manganese,  and  Calcium,  by  the  Acetate  and 

Bromin  Methods 94 

Robinson.  Franklin  C.    Analysis  of  I^ime  Rocks  from  Maine,  509 ;  Phosphoric  Acid 

in  Beryl : 510 

Ross.  B.  B.  Concerning  the  Constant  to  be  Used  in  Clerget's  Inversion  Process.  432, 633 
Rothberg,  Dr.  M..  and  W.  A.  Auchiuvole.    Note  on  the  Determination  of  Phosphorus 

by  Neutralisation  of  the  "yellow  precipitate" 242 

IBIALTS,  solubility  in  acetone 184 

Sampling  machine ...« 38 

Sanford,  p.  Gerald.    Note  on  the  analysis  of  the  nitro-explosives 311 

Scale,  analysis  of  ammonia-soda 621 

Schmidt,  F.  W.    Can  Arsenic  be  Quantitatively  Volatilised  as  Arsenic  H3rdrid 40IS 

ScHM IDT,  J.  H.    Determination  of  Qninin  in  Cinchona  Barks 596 

Shimbr,  Porter  W.    A  Microscopic  Sediment  Collector 252 

Silicon  in  pig-iron,  notes  on 452 

Silver  and  gold,  determination  in  base  metals,  mattes,  etc 362 

Silver,  separation  from  Osmium 91 

Slags,  determination  of  sulfur  in,  86;  phosphoric  acid  in  basic • 625 

Smith.  C.  G.    Sec  Gooch,  F.  A. 

Smith,  Edgar  F.,  and  D.  L.  Wallace.    Blectrol3rtic  Separations 87 

Smith,  I.  J.    See  Norton,  T.  H. 

Soap  Analysis 609 

Soap,  determination  of  soda  in 423 

Soda  in  soap,  determination  of 433 

Soil  analysis,  methods  of 541 
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Spelling  of  chemical  words 155*  534, 662 

Spica'8  method  for  determination  of  phosphoric  acid 598 

Spontaneous  combustion  in  oils,  apparatus  for  testing 269 

Squibb,  H.  R.    On  the  AppTx>ximate  Estimation  of  Urea  in  Urine  3x6 

Stahl,  Karl  P.    Brimstone  and  Pyrites  as  Raw  Materials  for  the  Manufacture  of 

Sulfuric  Acid  690 

Still  and  water-oven,  new 190 

Still,  automatic  water rjz 

Stillman,  Thos.  B.    Water  Analysis :  A  Table  for  Converting  Grains  per  Gallon 
into  milligrams  per  loiter,  372 ;  The  Analysis  of  Csrlinder  Deposits,'  321 ;  Sodium 

Cyanid  as  a  Component  of  Potassium  Cyanid  467 

Stillwbll,  Joseph  S.,  and  Peter  T.  Austen.    The  Utilisation  of  Electric  Light  Cur- 
rent for  Quantitative  Chemical  Electrolysis 129 

Stone,  George  C.    The  Separation  of  I^ime  and  Magnesia  from  Zinc  as  Phosphates,  516 
Strontium,  qualitative  test  for  in  presence  of  calcium,  266,  343 ;    separation  from  cal- 
cium, 333.  343,  638;  qualitative  detection 531 

Strontium,  separation  from  barium 627 

Sugar,  the  constant  in  Clerget's  Inversion  Process 432,  519,  633 

Sugar  solution,  behavior  with  acetone 153 

Sulfur,  colorimetric  determination  in  iron  and  steel 301 

Sulfur,  determination  by  Eschka's  method 385 

Sulfur,  determination  in  slags 86 

Sulfur,  determination  of  in  coal  and  coke 611 

Sulfur,  determination  of  in  iron 245,  318 

Sulfuric  acid,  concentration  in  glass  vessels 637 

Sulfuric  acid  from  pyrites 9,  73,  142, 194,690 

Sulfur  in  Horn,  determination  of 179 

Sulfur,  manufacture  of  sulfuric  acid  from 690 

Sulfur  mining  in  Sicily 197 

Sulfur,  quantitative  determination  of .  41 ;  estimation  of 43 

Q?ABLE  for  converting  grains  per  gallon  into  milligrams  per  liter 373 

Tables,  Landis'  volumetric  (book  review) 299 

Talbot,  Henry  P.,  and  Moody,  Herbert  R.    On  the  Properties  of  Hydrogen  Peroxid 

Solutions 650 

Tannins,  the  (book  review) iso 

Teed,  Frank  I,.    The  Detection  and  Estimation  of  Minute  Quantities  of  Lead  in  the 

Presence  of  Copper  and  Iron 513 

Terne,  Dr.  Bruno.    Notes  on  Iron  in  bone-black 311 

Tillman's  lessons  in  heat  (book  review) .' 180 

Tin,  assay  of 441 

Tin,  separation  from  arsenic  and  antimony 377 

Torrey,  Joseph,    Note  on  the  determination  of  sulf  nr  in  slags,  86 ;  Note  on  the  De- 
tection of  Chlorin  Bromin  and  lodin  in  the  same  mixture 667 

Trimble's,  The  Tannins  (book  review) ^ 130 

Trinidad  pitch,  occurrence,  properties,  etc 696 

Tungsten,  separation  from  gold 88 

Turpentine,  experiments  on  American  oil  of i 

Typhoid  Bacilla  in  cistern  water,  detection  of 357 

XJPSON,  S.  C,  Jr.    Apple-jack,  or  apple  brandy 195 

Urea,  estimation  in  urine 216 

Urine,  estimation  of  urea  in 2x6 

^C^KNABLE'S  qualitative  analysis  (book  review) 599 

Ventilation,  laboratory 247 

Volumetric  Analysis,  determination  of  iron,  36:  tables  for,  299;    determination  of 

cobalt,  469 ;  of  mercury.  478  ;  standard  iodin  .solution,  481 ;    determination  of  lead, 

613  ;  of  zinc.  6S2.    See  also  Acidimetr>'  and  Alkalimetry. 
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condenser  for,  511;  determination  of  dissolved  oxygen,  601,  606;  apparatus  for 
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Whiteq BAD,  Cabell.    An  Improved  Method  of  Determining  Small  Percentag^es  of 
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Soap 609 

SBINC,  Impurity  in 366 

Zinc,  report  on  technical  determination  of 488 
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